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NORTH   OF   ENGLAND   INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL     MEETING, 

Held  in  the  Wood  Memoeial  Hall,  Newcastle-upon-Tyne, 

October  8th,  1892. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  Secretary  read  the  iniuutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  of  August  6th, 
September  2J:th,  and  October  8th. 


INTERNATIONAL  CONGRESS  OF  ENGINEERS,  CHICAGO,  1893. 

The  Secretary  stated  that  he  would  be  pleased  to  receive  the  names 
of  members  who  desired  to  communicate  papers  to  the  International 
Engineering  Congress,  to  be  held  at  Chicago,  in  181)o,  during  the  World's 
Columbian  Exposition. 

THE  FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 

The  Secretary  reported  the  proceedings  of  the  meeting  of  the  Council 
held  on  September  7th,  18d2. 

The  following  gentlemen  were  elected,  having  been  previously  nomin- 
ated : — 

Members — 
Mr.  James  Angus,  Mining  Engineer,  RadcIifTe,  Acklington,  Northumberland. 
Mr.  Robert  John  Brown,  Colliery  Manager,  Barakar,  East  India  Railway, 

Bengal.  India. 
Mr.  John  Curry,  Colliery  Engineer,  Rainton  Colliery,  Fence  Houses. 
Mr.  Peter  Harle,  Assistant  Manager,  Page  Bank  Colliery,  Co.  Durham. 
Mr.  Robert  Thomas  Moore,  Civil  and  Mining  Engineer,  156,  St.  Vincent 

Street,  Glasgow. 
Mr.  Wm.   Morris,  Jun.,  Colliery  Manager,   VValdridge  Colliery,  Chester-le- 

Street. 
Mr.  James  Leslie  Shaw,  Civil   and   Mining   Engineer,   Somerset   House, 
Whitehaven. 

Associate  Members — 
Rev.  G.  M.  Capell,  Passenham  Rectory,  Stony  Stratford. 
Mr.  George  Elliot  Coxon,  Explosive  Agent,  Low  Fell,  Gateshead-upon- 
Tyne. 
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Mr.  George  Humphreys- Davies,  F.S.I.,  Surveyor,  Valuer,  and  Rating 
Expert,  8,  Laurence  Pountney  Hill,  Cannon  Street,  London,  E.C.,  and 
16,  Deansgate,  Manchester. 

Associate — 
Mr.  Edward  Charlton  Scott,  Surveyor,  Rainton  Colliery,  Fence  Houses. 

Students — 
Mr.  Robert  O.  Brown,  Mining  Student,  Elswick  Collieries,  Newcastle-upon 

Tyne. 
Mr.  Fred.  King,  Mining  Student,  Cramlington  Colliery,  R.S.O.,  Northumber 

land. 

Subscribing  Collieries — 
BuTTERKNOWLE  CoAL  COMPANY,  LIMITED,  Darlington. 
CowPEN  Coal  Company,  Limited,  Newcastle-upon-Tyne. 
Elswick  Coal  Company,  Limited,  Newcastle-upon-Tyne. 
Westport  Coal  Company,  Dunedin,  New  Zealand. 


The  following  gentlemen  were  nommated  for  election  : — 

Honorary  Member — 
Prof.  Henry  Stroud,   D.Sc,  Durham  College  of  Science,  Newcastle-upon- 
Tyne. 

Members — 

Mr.  Alexander  Mathieson,  Colliery  Manager,  Hetton  Colliery,  Carrington, 
near  Newcastle,  New  South  Wales. 

Mr.  Clayton  E.  J.  Mitchell,  Civil  Engineer,  27,  Mosley  Street,  Newcastle- 
upon-Tyne. 

Mr.  James  Newton.  Colliery  Manager,  Whitehaven  Colliery,  Whitehaven. 

Mr.  George  Oldham,  Engineer,  2.5,  Western  Hill,  Durham. 

Mr.  T.  A.  Tate,  Colliery  Manager,  P.uiiker  Hill,  Fence  Houses. 

Associate  Members — 

Mr.  George  Blaxland  Atkinson,  Timber  Merchant,  Maritime  Buildings, 
Quay,  Newcastle-upon-Tyne. 

Mr.  J.  P.  Cornett,  Managing  Director,  Ford  Paper  Works,  Hylton,  Sunder- 
land. 

Mr.  Arthur  Patrick  Dodds,  Iron  Merchant,  13,  Dean  Street,  Newcastle- 
upon-Tyne. 

Mr.  Claude  Bowes  Palmer,  Assistant  Colliery  Manager,  Usworth  Colliery, 
Washington,  R.S.O. 

Associates — 
Mr.  Thomas  Berry,  Overman,  Bagnall's  Houses,  Swalwell,  R.S.O. 
Mr.  Robert  Carr,  Under  Manager,  Usworth  Colliery,  Washington,  R.S.O. 
Mr.  William  Severs,  Under  Manager,  Beamish  View,  via  Chester-le-Street. 

Students — 
Mr.  William  Henry  Mascall,  Mining  Student,  27,  South  Church  Lane, 
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DISCUSSION  ON  MR.  W.  J.  ORSMAN'S  "NOTES  ON  THE 
PRODUCTS  AND  TEMPERATURE  OF  DETONATION  OF 
SOME  HIGH  EXPLOSIVES." 

Mr.  Saville  Shaw  said  the  first  point  he  desired  to  draw  attention 
to  was  with  reference  to  the  products  of  detonation  of  roburite.  In  view 
of  the  interest  wliich  had  lately  been  taken  in  the  products  of  its  explosion 
it  would  have  been  of  advantage  if  the  paper  had  given  more  detail  as  to 
the  methods  of  collecting,  measuring,  and  especially  of  analysing  the  gases 
evolved.  It  would  be  remembered  that  roburite  was  a  mixture  of  dinitro- 
chloro-benzene  with,  nitrate  of  ammonia,  and  when  this  was  detonated  they 
got  as  the  products — carbon  dioxide,  nitrogen,  steam,  and  hydrochloric 
acid ;  this  was  according  to  the  theoretical  equation.  It  was  stated  in  the 
paper  that  "  the  presence  of  the  chlorine  compounds  in  the  ultuuate  gaseous 
products  tends  to  still  further  reduce  the  effect  of  the  escaping  heated 
gases."  He  would  have  liked  Mr.  Orsman's  explanation  on  this  point. 
The  mean  of  twelve  experiments  showing  what  the  ultimate  gaseous  pro- 
ducts were  proved  them  to  consist  exclusively  of  carbon  dioxide  and  nitrogen 
(carbon  dioxide  32  per  cent.  +  nitrogen  68  per  cent.  =  100)  thus  allow- 
ing nothing  whatever  for  the  chlorine  compounds  referred  to.  If  these 
compounds  were  present  how  was  it  that  they  were  entirely  overlooked 
in  the  analyses  ?  Another  point  which  was  of  interest  to  chemists  was 
in  regard  to  the  volume  of  the  evolved  gases.  In  the  paper  1 0  grammes 
of  roburite  were  said  to  give  ^,780  cubic  centimetres  of  gas,  but  it  was 
quite  impossible  to  obtain  such  a  large  amount  of  gas  from  that  quantity 
of  roburite;  the  largest  calculated  proportion  being  3,496  cubic  centi- 
metres. With  roburite  of  the  composition  given  by  Mr.  Orsman,  10 
grammes  would  contain  8*6  grammes  of  nitrate  of  ammonia  and  I'i 
grammes  of  dinitro-chloro-benzene.  If  the  whole  of  the  nitrogen  in  the 
nitrate  of  ammonia  were  converted  into  free  gas  it  would  occupy  2,408 
cubic  centimetres  at  32  degs.  Fahr.,  and  this  amount  added  to  the  nitrogen 
from  the  dinitro-chloro-benzene,  viz.,  ]54"8  cubic  centimetres,  gives  a  total 
possible  volume  of  gaseous  nitrogen  of  2,562'8  cubic  centimetres.  Simi- 
larly, the  amount  of  dinitro-chloro-benzene  used  contains  '5  gramme  of 
carbon,  which  converted  into  carbon  dioxide  would  furnish  933"3  cubic 
centimetres  of  that  gas.  This  volume  added  to  that  of  the  nitrogen  gives 
the  total  amount  of  the  two  gases  as  3,496*1  cubic  centimetres  as  against 
the  4,780  cubic  centimetres  found  by  Mr.  Orsman.     Even  if  the  evolved 
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gases  had  been  measured  at  59  degs.  Fahr.  instead  of  being  reduced  to 
32  degs.  Fahr.  their  volume  would  only  be  raised  to  about  3,688  cubic 
centimetres,  and  if  the  gas  from  the  detonator,  containing  15  grains  of 
fuhninate,  were  added  to  that,  the  total  calculated  volume  would  still 
be  below  4,000  cubic  centimetres.  This  error  of  something  like  25  per 
cent,  was  somewhat  important,  considering  the  nature  of  the  substances 
dealt  with.  No  doubt  the  writer  had  some  simple  explanation  of  the 
apparent  discrepancy,  but  at  present  he  (Mr.  Shaw)  was  quite  at  a  loss 
to  account  for  it. 

Mr.  "Wm.  Jas.  Orsman,  in  reply,  wrote  that  full  details  were  given  in 
the  paper  as  to  the  methods  of  detonating  the  explosives  and  collecting 
the  resultant  gases.  Having  obtained  these  gases,  bottled  up  in  a  cylinder, 
it  was  very  easy  to  detennine  their  composition  by  the  ordinary  laboratory 
methods.  The  chlorine  present  in  the  dinitro-chloro-benzene  combines 
with  the  hydrogen  to  form  hydrochloric  acid,  which  exists  as  gas  when 
the  shot  is  fired,  but  on  the  cooling  of  the  gases  separates  out  with  the 
condensed  water  vapour  and  collects  at  the  bottom  of  the  cylinder.  As 
the  analyses  of  the  gases  were  made  at  the  ordinary  temperature,  and  were 
meant  to  show  what  products  actually  escaped  into  the  air  of  a  mine,  no 
notice  was  taken  of  the  amount  of  hydrochloric  acid  and  water  vapour 
formed.  Similarly,  no  deduction  was  made  for  the  volume  of  gas  formed 
from  the  burning  of  the  detonator  fittings,  which  consist  of  paper  and 
marine  glue,  and  weigh  between  2  and  3  grammes.  No  claim  is  made  to 
give  an  exact  analysis  of  the  products  from  the  explosives  themselves,  but 
to  get  a  general  idea  of  the  nature  of  the  gases  formed  when  such  explo- 
sives are  in  actual  use  down  a  pit.  The  principal  aim  of  the  whole  series 
of  experiments  was  to  establish  the  fact  that  such  attempts  to  lower  the 
temperature  of  detonation  of  nitro-glycerine  mixtures  by  the  addition  of 
carbonaceous  matter,  as  in  carbonite,  means  the  production  of  the  poison- 
ous gas,  carbon  monoxide.  With  roburite,  on  the  other  hand,  which 
contains  an  excess  of  nitrate  of  ammonia,  no  carbon  monoxide  is  formed, 
and  any  further  addition  of  nitrate  of  ammonia  would  only  tend  to  still 
further  lower  the  temperature  of  detonation. 

The  discussion  then  closed. 
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DISCUSSION  UPOX  MR.  HENRY  PALMER'S  "NOTES  ON  AN 
ELECTRIC  TRANSMISSION  PLANT  AT  EAST  HOWLE 
COLLIERY,"  AND  MR.  D.  SELBY  BIGGE'S  PAPER  ON 
"THE  PRACTICAL  TRANSMISSION  OF  POWER  BY 
MEANS  OF  ELECTRICITY,  AND  ITS  APPLICATION  TO 
MINING  OPERATIONS." 

Mr.  Sydney  F.  Walker  (Cardiff)  wrote  that  a  great  many  of  the  re- 
marks he  had  made  in  the  discussion  upon  Mr.  Snell's  paper*  were  equally 
applicable  to  Mr.  Palmer's  paper.  The  writer's  objections,  for  instance,  to 
the  use  of  old  wire-rope  as  either  lead  or  return  cable  applied  with  their 
full  force  here,  and  in  addition  he  noticed  that  Mr.  Palmer  had  experi- 
enced some  difficulty  with  the  electrical  resistance  offered  by  the  old  wire- 
rope.  This  was  a  very  important  point,  which  should  receive  careful 
consideration.  If  many  of  the  wires  of  the  rope  were  broken,  as  the  writer 
thought  would  naturally  be  the  case  before  the  rope  was  abandoned  for 
mechanical  purposes,  the  measured  electrical  resistance  would  be  very 
much  higher  than  the  dimensions  and  weight  would  point  to,  as  the  con- 
tinuity of  each  wire,  or  of  a  very  large  number  of  them,  b(nng  broken, 
conduction  through  the  mass  of  the  rope  would  take  place  very  largely 
across  the  oxidized  surfaces  of  these  wires,  and  such  surface  contacts 
always  have  a  very  high  resistance.  In  addition  to  this,  if  it  had  been 
necessary  to  joint  two  pieces  of  old  wire-rope  together,  the  joint  itself 
would  add  considerably  to  the  resistance  offered.  The  writer  believed 
that  if  all  items  of  cost  wei'e  carefully  reckoned  it  would  be  found  cheaper 
to  use  two  insulated  copper  cables  than  to  use  old  wire-ropes  for  the  return. 
As  the  writer  pointed  out  in  the  discussion  on  Mr.  Snell's  paper,  he  did 
not  like  making  the  whole  mine  part  of  the  circuit,  as  would  be  done  if  a 
naked  return  was  used  for  any  voltage  that  can  be  utilized  either  for  lighting 
or  power.  The  writer  was  not  surprised  therefore  to  find  how  great  was 
the  loss  between  the  generator  and  the  motor.  No  doubt  a  large  part  was 
due  to  the  old  iron  wire-rope.  The  writer  noted  also  that  the  actual  return 
in  work  done,  water  raised,  of  the  indicated  horse-power  in  the  driving  engine 
was  the  lowest  on  record.  This  appeared  to  be  due  very  largely  to  the 
small  pipes  that  were  used,  but  it  showed  how  necessary  it  was  to  have 
all  the  factors  before  judging  of  the  relative  efficiencies  of  any  two 
methods  of  transmission.  It  by  no  means  followed,  however,  that 
because  there  was  a  heavy  loss  both  in  the  cables  and  in  the  water-pipes 

*  Trans.  Fed.  Ind.,  vol.  ii.,  page  150. 
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that  Mr.  Palmer  did  wrong  in  adopting  electricity,  or  even  that  he  was 
working  extravagantly.  This  question  could  only  be  decided  by  placing 
the  cost  of  the  additional  horse-power  which  had  to  be  furnished  against 
the  interest  of  the  additional  outlay  on  cables  and  water-pipes  that  would 
have  been  necessary  to  avoid  these  losses.  One  |X)int  appeared  to  the 
writer  to  come  out  very  strongly  in  Mr.  Palmer's  paper,  viz.,  the  great 
convenience  which  attended  the  use  of  the  electric  method  of  transmission, 
and  the  speed  at  which  the  apparatus  could  be  erected.  This  was  always 
worth  money,  and  had  done  more  and  would  do  more  to  spread  the  use  of 
electrical  apparatus  of  all  kinds  than  any  other  quality  it  possessed. 

Mv.  Sydney  F.  Walker  (Cardiff)  wrote  respecting  Mr.  Bigge's  paper 
that  he  had  not  much  to  add  to  his  remarks  upon  Mr.  Snell's  and  Mr. 
Palmer's  papers.  As  already  mentioned,  he  did  not  think  that  the  plan 
of  enclosing  the  commutator  within  a  gas-tight  box,  or  of  placing  the 
brushes  inside  the  commutator,  was  likely  to  prove  more  than  a  tempo- 
rary expedient.  The  covers  in  either  case  would  not  remain  gas-tight 
after  being  in  use  for  some  time,  while  the  inconvenience  of  the  arrange- 
ment was  likely  to  give  trouble.  The  best  remedy  for  the  danger  of 
igniting  gas  from  the  sparks  at  the  commutator  of  any  dynamo  would  be 
the  reduction  of  the  spark  below  firing  point  rather  than  the  enclosure  of 
the  commutator  or  of  the  brushes.  It  was  now  well  understood  that  it 
was  not  a  spark  per  se — any  spark — that  would  ignite  an  inflammable 
mixture,  but  a  spark  which  contained  a  certain  definite  quantity  of 
electrical  energy.  This  quantity  appeared  to  be  at  least  20  watts,  as  far 
as  experiments  and  observation  have  enabled  the  writer  to  determine,  or 
one-third  of  the  energy  at  present  employed  in  a  16  candle-power  incan- 
descent lamps ;  consequently  where  it  is  necessary  to  use  an  electromotor 
in  a  gaseous  atmosphere  the  motor  should  be  so  constructed  as  never  to 
give  rise  to  sparks  having  this  amount  of  energy,  under  any  iwssible  con- 
ditions. This  is  perfectly  practicable,  at  a  cost  not  greatly  exceeding 
that  involved  in  making  the  armature  gas-tight.  Professor  Silvanus 
Thompson  found  that  blue  sparks  did  not  ignite  gas ;  and  Mr.  Snell  found 
that  unless  the  copper  of  the  commutator  or  brushes  was  heated  to  a 
certain  degree  gas  could  not  be  ignited.  The  Avriter's  own  experiments, 
carried  out  some  years  ago,  and  repeatedly  confirmed,  show  that  an 
electromotive  force  of  at  least  2  volts  must  be  present  across  the  gap  over 
which  the  spark  leaps,  and  that  when  the  voltage  is  at  this  low  figure  the 
current  passing  in  the  spark — it  is  a  true  electric  current,  just  as  that 
which  furnishes  the  arc  lamp  is— should  be  not  less  than  10  amperes. 
When  the  current  is  used  to  generate  heat  in  a  Avire,  according  to  the 
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writer's  experiments,  the  wire  must  be  quite  yellow  before  it  will  ignite 
gas,  if  present.  The  time  factor,  of  course,  must  be  considered  in  this 
matter,  as  in  all  other  engineering  problems.  Where  the  sparking  is 
continuous,  and  the  surrounding  conditions  are  such  that  the  atmosphere 
in  the  immediate  neighbourhood  of  the  commutator  rises  in  temperature, 
it  may  ignite  in  time  if  the  atmosphere  is  inflammable.  But  such 
conditions  can  never  be  present  where  a  motor  is  used.  It  may  be 
assumed  that  even  at  the  face  of  the  coal  only  occasional  outbursts  of  gas 
are  to  be  feared,  which  will  be  quickly  diluted  below  the  dangerous  point 
by  the  ventilating  air-current,  so  that  the  dangerous  mixture  could  never 
remain  long  enough  in  the  neighbourhood  of  the  commutator  to  be 
heated  in  the  manner  described.  Further,  the  revolution  of  the  armature 
itself  must  and  does  create  convection  air-currents  which  would  produce 
the  same  result.  An  interesting  point  here  arises :  suppose  that  a  gaseous 
mixture  be  inadvertently  enclosed  within  the  cover  of  the  commutator, 
would  not  this  tend  to  become  heated  to  the  dangerous  point,  merely  from 
the  fact  of  its  enclosure,  notwithstanding  the  convection  currents  set  up 
by  the  revolving  armature  ?  With  reference  to  the  question  of  sparking 
across  the  break  when  a  cable  is  sheared  by  a  fall  of  roof,  the  writer 
certainly  admires  the  ingenuity  with  which  the  inventors,  the  Messrs.  At- 
kinson, have  worked  out  their  non-sparking  cable.  He  was  present  at  Prof. 
Silvanus  Thompson's  lecture  at  Cardiff,  last  year,  when  he  exhibited  the 
Atkinson  cable;  it  behaved  perfectly  when  broken,  there  was  no  spark  at  the 
break,  and  the  lead  fuze  behaved  as  it  was  wanted  to,  but  when  he  proceeded 
to  handle  the  cable  again  there  was  a  spark  between  the  broken  ends  of 
the  cable,  or  between  one  end  of  the  main  cable  and  the  central  wire. 
As  far  as  he  remembered,  Mr.  Atkinson's  explanation  of  this  was  quite 
correct,  viz.,  that  an  accidental  connexion  was  made.  But  the  question 
arises :  might  not  this  same  accidental  connexion,  or  something  similar, 
take  place  in  the  mine  ?  It  must  be  remembered  that  the  main  cable 
remains  connected  to  one  terminal  of  the  dynamo,  while  the  inner  safety 
wire  remains  connected,  through  the  motor  or  lamps,  to  the  other  terminal 
of  the  dynamo,  so  that  should  the  break  of  the  main  cable  be  a  jagged 
one,  as  may  easily  be,  a  fresh  connexion  and  a  fresh  break  may  occur, 
giving  rise  to  a  spark.  There  is  also  the  possibility  of  the  wire  fuze  not 
acting  ;  fusible  cut-outs  are  unfortunately  not  reliable.  The  passage  of 
the  current  through  them,  and  the  vibrations  of  the  building  where  they 
are  situated,  tend  to  make  them  brittle,  and  cause  them  to  "  go  "  when 
they  are  not  wanted.  In  order  to  avoid  this,  it  is  necessary  to  have  the 
fuze  wire  stronger  than  otherwise  would  be  necessary,  so  that  it  may  not 
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be  a  constant  sonrce  of  trouble  ;  and  this  results  in  the  fuze  takino-  a  long 
time  to  melt  if  it  happens  to  be  nearly  new  when  called  upon  to  act.  In 
the  writer's  opinion  if  this  cable  is  used,  an  electro-magnetic  automatic 
cut-out  should  be  employed  in  place  of  the  fusible  cut-out,  and  some  such 
device  as  that  shown  in  Fig.  1  should  be  inserted  in  the  circuit  of  the 

main  cable,  so  as  to  break  the  con- 
nexion with  the  dynamo  immediately 
the  cable  is  sheared  underground. 
The  idea  of  the  apparatus  is  as 
follows : — A  bent  lever  A,  one  arm 
of  which  forms  a  counterbalance 
weight,  and  the  other  carries  a  con- 
tact piece  C,  is  inserted  in  the  circuit; 
the  mercury  cup  B,  into  which  the 
contact  piece  C  dips,  being  also  part 
of  the  circuit.  "Where  the  cun-ent  to  be  controlled  is  large,  there  are  two 
contact  pieces  dipping  into  two  mercury  cups.  The  coils  of  the  electro- 
magnet D  are  also  in  the  same  circuit,  that  of  the  cable  to  be  cut  ofif  from 
the  dynamo.  A  second  lever  E,  with  one  arm  very  much  longer  and 
heavier  than  the  other,  engages  with  the  toe-piece  of  the  contact  lever  C, 
and  its  lighter  arm  carries  an  iron  armature  F,  which  faces  the  pole  of 
the  electro-magnet.  The  current,  when  the  circuit  is  complete,  passes 
from  the  dynamo  round  the  coils  of  the  electro-magnet  D,  thence  to  the 
mercury  cup  B,  from  there  to  the  lever  C  and  to  the  pivot  or  second 
mercury  cup  as  arranged,  and  so  on  to  the  cable.  As  long  as  the  current 
is  passing  round  the  electro-magnet  the  light  end  F  of  the  lever  is  held 
down  by  the  attraction  of  the  pole  of  the  electro-magnet  for  its  armature, 
and  the  contact  piece  is  free  to  rest  in  the  mercury  cup.  The  counter- 
balance A  is  also  then  acting  by  its  weight  to  keep  the  contact  piece  C 
firmly  in  the  mercury  cup  B.  On  the  cable  being  broken  below,  the 
current  ceases  round  the  electro-magnet  coils  D,  the  armature  F  is  released, 
and  the  weight  of  the  opposite  arm  of  the  armature  lever  E  causes  the 
end  next  the  contact  piece  to  cant  sharply  upwards,  knocking  the  toe  of 
the  contact  lever  up,  and  throwing  the  counterbalance  A  to  the  other 
side  of  the  vertical  line  passing  through  its  pivot.  The  contact  lever 
revolves  on  its  pivot,  the  counterbalance  falling  backwards,  thereby 
breaking  the  circuit.  In  Fig.  2  is  shown  the  electro-magnetic  automatic 
cut-out  which  the  writer  has  designed  for  use  with  electric  Hghts  and 
power  circuits  in  mines.  The  arrangement  is  similar  to  that  of  the 
circuit  breaker  already  described,  but  the  office  of  the  electro-magnet  D  is 


DISCUSSION — ELECTRIC   TRANSMISSION   OF   POWER. 


now  to  break  the  circuit  on  the  arrival  of  a  current  whose  strength 
is  above  a  certain  figure.  The  armature  lever  F  in  this  apparatus  has  its 
two  arms  almost  equal,  the  balance  being  on  the  side  of  the  one  E,  which 
acts  as  a  tripper.  The  armature  is  on  that  arm  of  the  lever  away  from 
the  contact  lever,  as  shown,  where  it  is  faced  by  the  pole  of  the  electro- 
magnet. The  cuiTent  passes,  as  in 
the  other  apparatus,  through  the 
coils  of  the  electro -magnet  D  to  the 
mercury  cup  B,  thence  to  the  contact 
lever,  and  so  on.  "When  at  rest,  that 
is  to  say  when  the  circuit  is  complete, 
the  contact  piece  C  rests  in  the  mer- 
cury cup  B,  and  the  weight  of  the 
counterbalance  F  tends  to  keep  it 
there.  On  the  arrival  of  a  current  of 
the  strength  for  which  the  apparatus  is  set,  the  armature  F  is  pulled  very 
sharply  towards  the  pole  of  tlie  electro-magnet  D,  carrying  with  it  that 
arm  of  the  lever.  The  opposite  arm  E  of  the  lever  gives  a  sharp  cant  to 
the  contact  lever  C,  which  falls  over,  breaking  circuit  as  before.  The 
writer  has  also  arranged  the  apparatus  to  work  with  an  excess  electro- 
motive force,  and  to  complete  a  second  circuit  after  breaking  the  ordinary 
working  circuit  if  required.  This  apparatus  acts  with  great  promptness 
in  such  a  case  as  the  accidental  contact  of  two  wires  connected  to  opposite 
sides  of  the  dynamo ;  so  quickly,  indeed,  that  if,  as  often  happens,  a  Avire 
touches  another  and  is  drawn  away,  the  spark  between  the  two  surfaces  is 
very  small  indeed,  though  an  ampere  meter  shows  the  passage  of  a  very 
powerful  current  while  the  contact  lasts.  Electro-magnetic  automatic 
cut-outs  for  use  in  case  of  short  circuit,  or  over-running,  if  carefully 
employed,  are  of  great  service  ;  but  he  does  not  recommend  the  use  of 
the  other  apparatus  except  in  special  cases,  as  it  tends  to  add  to  the 
complications  at  the  switch  board.  He  does  not  like  fusible  cut-outs,  and 
only  uses  them  in  very  special  cases.  The  cable  itself  should  be  made 
strong  enough  to  stand  the  shearing  strains  brought  by  heavy  falls  of 
roof,  but  the  additional  strength  required  for  this  purpose,  over  and  above 
that  of  the  cable  as  it  would  be  turned  out  in  the  ordinary  way,  should  be 
given  by  means  of  several  longitudinal  wrappings  of  some  fibrous  insulat- 
ing substance,  such  as  jute.  The  necessary  strength  can  be  thus  obtained, 
and  freedom  from  sparking  thereby  avoided  at  a  very  considerably  less 
cost  than  would  be  incurred  in  the  s^^ecial  form  of  cable  designed  by 
the  Messrs.  Atkinson,  or  in  any  external  wire  armour.     Though  steel  and 
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iron  have  very  properly  taken  the  place  of  hemp  for  ropes  that  are  used 
both  in  mines  and  ships,  it  is  mainly  because  they  wear  better  and  occupy 
a  smaller  space.  But  a  cable  for  electric  light  or  power  has  no  appreciable 
wear,  the  additional  space  occupied  by  the  jute  wrappings  are  no  incon- 
venience, and  on  the  other  hand  the  cable  so  made  is  handier  in  every 
respect.  It  is  more  flexible,  more  easily  laid,  and  more  easily  jointed. 
Further,  there  is  every  chance  of  a  cable  so  made  stretching  sufficiently, 
under  a  very  heavy  fall  to  avoid  fracture.  We  are  apt  to  forget  that 
hemp  has  great  mechanical  strength  if  there  is  only  plenty  of  it. 

Mr.  C.  C.  Leach  (Seghill)  said  an  electric  pumping-plaot  had  recently 
been  put  down  at  Seghill  colliery.  It  is  driven  by  a  Robey  vertical 
engine  with  a  cylinder  9^  inches  in  diameter  and  9  inches  stroke,  fitted  with 
a  Pickering  governor.  It  is  intended  to  work  at  100  lbs.  per  square  inch, 
although  at  present  the  governor  reduces  the  steam  down  to  39  lbs.  The 
fly-wheel,  which  acts  as  the  belt  pulley,  is  3  feet  6  inches  in  diameter.  A 
link  leather  belt,  6  inches  wide  and  ^  inch  thick,  is  used  to  di'ive  with  13 
feet  centres.  The  Goolden  dynamo  is  intended  to  produce  24  amperes, 
at  460  volts,  when  running  at  780  revolutions  per  minute.  It  is  fitted 
with  a  pulley  10  inches  in  diameter,  and  is  said  to  produce  15  horse- 
power. The  cables  are,  in  all,  3,160  yards  long  of  7/16  copper,  rubber- 
insulated;  this  length  of  cable  is  used  for  the  distance  from  the  dynamo  at 
bank  to  the  motor  down  the  pit  and  back  to  the  dynamo.  The  11  horse- 
power motor  is  of  the  Goolden  gas-tight  pattern,  equal  to  an  output  of  24 
amperes  at  400  volts  Avhen  running  at  1,050  revolutions  jjer  minute. 
The  pump  has  thi'ee  single-acting  rams  of  5|  inches  diameter  and  9  inches 
stroke,  geared  down  by  double  helical  teeth  in  the  ratio  of  24'87  to  1 . 
The  vertical  head  or  lift  from  the  water-edge  to  the  delivery  is  at  present 
121-88  feet.  The  single  suction-pipe  is  31  yards  long,  11-54  feet  head, 
and  4  inches  diameter,  with  faced  joints.  The  rising  main  consists  of 
two  pipes,  4  inches  in  diameter,  each  886  yards  long,  with  110*34  feet 
head,  making  a  total  length  of  917  yards  of  pijDes  from  the  water-edge  to 
the  delivery.     The  following  tests  have  been  made  of  the  plant : — 

Observations.  .         Sept  14. 1892.  Sept  23,  1892 

Average  of  Seven  Tests.  Average  of  Seven  Tests. 

Indicated  power  of  engine        10-6o  horse-power  ...  12-40  horse-power 

Water  pumped  per  minute  (measured)  80-38  gallons  ...  90-08  gallons 

Power  in  water  pumped  (including  fric- 
tion of  pipes) 3-39  horse-power  ...  4-00  horse-power 

Useful  eflEect         31-88  per  cent.  ...  32-25  per  cent. 

Engine,    number    of     revolutions    per 

minute 190  ...  204*5 
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Sept.  14, 1892. 

Sept.  23. 1892. 

Average  of  Seven  Tests. 

Average  of  Seven  Tests 

408 

..    456-3 

141 

..     14-2 

7-74  horse-power     . 

8-68  horse-power 

27-73  per  cent. 

..     30-00  per  cent. 

42 

..     47-43 

.50-5  pounds 

..     53-20  pounds 

10 

..     10-40       „ 

42 

..     i2 

4-17  horse-power 

..       3-32      „ 

..       2-24      „ 

..     33-64 

97-17  gallons 

..  109-73  gallons 

17-27  per  cent. 

.,     17-90  per  cent. 

1,044 

..     1,180 

859 

95  ft.  standing 

24  ft.  running 

Observations. 

Dynamo,  volts      

„        amperes  

„        output  

Loss  in  engine  and  dynamo      

Pump,  revolutions  per  minute  ... 
Pressure  of  rising  pipes  ... 

„        of  suction-pipes  

„        of  pipes,  pump  standing 
Friction  of  engine-belt  and  dynamo  at 

206  revolutions  per  minute,  brushes 

on  

Friction  of  engine-belt  and  dynamo  at 

200  revolutions  per  minute,  bi-ushes 

taken  off  

Friction  of  engine  alone,  without  the  belt 
Per  cent,  of  horse-power  to  drive  above 

(engine,  belts,  and  dynamo) 
Pumps'  displacement  per  minute 

Slip  in  pump        

Motor,  revolutions  per  minute... 
Dynamo,   revolutions    calculated  from 

engine  revolutions 
Rising  main  head  due  to  pressure 
Suction-vacuum   head   due  to  suck  of 

10-40  feet         

Mr.  G.  B.  FoRSTER  asked  if  the  water  was  measured  ? 

Mr.  Leach  said  it  was,  and  in  both  tests  the  observations  were  con- 
tinued simultaneously  every  tenth  minute  for  an  hour,  and  the  average  of 
the  seven  taken.  The  pressure  of  the  water  against  the  rams  was  taken 
by  an  indicator,  screwed  into  the  rising  main,  and  the  suck  or  pull  of  the 
pump  by  screwing  it  into  the  suction-pipes,  and  pulling  the  indicator 
barrel  round  by  hand  slowly  when  pressing  the  pencil  against  the  card. 

Mr.  A.  L.  Steavenson  (Durham)  said  a  reference  to  Mr.  Palmer's 
paper*  gave  his  statement  that  "  rightly  or  wrongly,  from  the  experience 
acquired  in  experimenting  with  this  plant,  the  writer  is  strongly  of  the 
opinion  that,  owing  to  the  extremely  diversified  conditions  which  are  met 
with  in  the  various  electric  pumping  aiTangements,  particulars  of  which 
are  before  the  public,  it  is  quite  impossible  to  base  any  reliable  conclusions 
upon  the  so-called  plant-efficiency  of  the  various  installations."  But  they 
had  never  heard  of  this  when  talking  of  compressed  air  or  ropes.  It  was 
only  when  electrical  plant  was  brought  into  consideration  that  they  were 
told  it  was  impossible  to  arrive  at  real  results.  He  (Mr.  Steavenson) 
would  like  to  draw  attention  to  page  286,t  where  Mr.  Selby  Bigge  said 

*  Tranx.  Fed.  Inst.,  vol.  iii.,  page  276.        f  Ihhl.,   vol.  iii. 
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"  the  calculation  therefore  of  the  power  wasted  in  transmitting  power  by 
means  of  electricity  is  extremely  simple,  and  the  efficiencies  of  a  plant  can 
be  readily  foretold,"  etc.  Mr.  Selby  Bigge  did  not  appear  to  agree  with 
Mr.  Pahner,  and  where  doctors  differed  others  might  take  their  own  view 
of  the  matter.  His  own  view  was  that  if  the  same  principles  were 
applied  in  obtaining  the  useful  effect,  that  compressed  air  would 
compare  favourably  with  electricity.  Mr.  Palmer  wished  to  take  the 
brake-power— the  power  simply  after  it  passed  out  of  the  motor! 
Decidedly  not !  because  they  were  there  losing  the  very  essence  of  the 
electric  arrangement,  and  that  essence  was,  if  they  had  a  motor  running 
at  1,100  or  1,200  revolutions  per  minute  and  pumps  only  at  15  or  20 
revolutions  they  could  not  reduce  the  speed  of  the  motor  from  1,200  to 
the  pump  at  20,  without  losing  a  large  amount  of  power.  He  had  tried 
with  all  sorts  of  engines,  and  he  knew  that  gearing  which  was  a  necessary 
part  of  electrical  work  was  very  destructive  of  power,  and  it  was  here  that 
the  chief  loss  occurred.  In  one  of  Mr.  Palmer's  plants  he  reduced  his 
power  42f  times.  This  was  where  the  loss  came  in.  He  did  not  mean  to 
say  they  could  not  transmit  the  power  between  the  dynamo  and  the  motor 
with  only  a  small  loss ;  he  would  grant  90  or  95  per  cent,  of  efficiency.  The 
power  was  in  the  motor  as  the  Irishman's  purse  was  in  the  sea.  On  the 
same  principle  he  supposed  they  would  contend  it  was  not  lost  because 
Dhey  knew  where  it  was,  but  still  they  could  not  use  it.  He  understood 
Mr.  Leach's  practical  results  amounted  to  this  :  That  there  was  nothing 
very  encouraging  in  using  electricity  as  compared  with  other  motive 
powers.  Had  he  (Mr.  Steavenson)  been  in  Mr.  Palmer's  place  and  been 
asked  to  put  down  a  plant  nnder  the  same  conditions  he  would  no  doubt 
have  adopted  electricity,  as  the  distance  was  very  great,  and  the  cables  could 
be  moved  about  very  readily.  If  it  were  not  for  the  danger  of  electricity  in 
the  face,  where  they  had  to  use  safety-lamps,  it  would,  he  thought,  be  the 
very  best  motive  power  there  ;  but  where  safety-lamps  were  necessary  it 
required  careful  consideration  as  to  whether  that  was  a  safe  place  for  a  motor. 
There  was  one  thing  in  favour  of  compressed  air:  it  was  very  pleasant  and 
beneficial  in  the  close  atmosphere  of  a  mine  ;  they  should  not  forget  this 
desu'able  feature  when  consider.ng  the  advantages  of  compressed  air. 

Mr.  Thos.  E.  Forster  (Newcastle-upon-Tyne)  said  he  had  had  a 
short  experience  of  electric  pumping-plant  at  North  Seaton  colliery.  It 
had  not  been  running  long  enough  to  make  tests  such  as  those  submitted 
by  Mr.  Leach,  but  it  had  otherwise  given  every  satisfaction.  The  pump 
was  delivering  about  250  gallons  of  water  per  minute  ;  the  distance  from 
the  dynamo  to  the  motor  was  about  2,700  yards,  including  the  depth  of 
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the  shaft,  as  the  dynamo  was  placed  on  the  surface.  The  water  was 
lifted  about  50  feet,  and  passed  through  about  1,300  yards  of  8  inches 
pipes.  In  connexion  with  this  installation  there  was  perhaps  only  one 
innovation,  and  that  was  in  regard  to  laying  the  concentric  cables.  These 
had  been  placed  underground,  except  in  one  or  two  places  where  the 
ground  was  wet,  where  they  were  enclosed  in  wooden  boxes.  He  thought 
this  arrangement  rendered  the  cable  safer,  especially  in  cases  like  theirs, 
in  which  the  cables  had  to  be  taken  down  a  heavily  timbered  road,  driven 
through  old  pillars.  It  was  almost  impossible  to  prevent  the  wires  being 
disturbed  where  there  were  many  repairs  to  be  done.  He  quite  agreed 
with  Mr.  Palmer's  remarks  as  to  the  difficulty  of  recording  the  efficiency  of 
these  experiments,  but  according  to  Mr.  Steavenson's  remarks  it  was  not 
fair  to  compare  the  results  with  those  of  compressed  air  unless  they  had 
some  direct  means  of  comparison.  He  would  be  very  glad  to  communicate 
to  the  Institute  the  results  of  any  tests  which  they  might  make  at  North 
Seaton  colliery. 

Mr.  T.  0.  RoBSON  (Gateshead-upon-Tyne)  thought  there  might  be  a 
little  misappiehension,  but  he  understood  Mr.  Forster  to  say  that  burying 
the  cable  and  taking  it  through  boxes  where  the  strata  were  wet  would  do 
away  to  a  large  extent  with  the  necessity  for  safety-cables. 

Mr.  T.  E.  FoESTER  said  that  where  the  cables  were  not  buried  they 
were  temporarily  raised  and  placed  in  boxes  to  keep  them  dry.  Where 
they  Avere  buried  there  could  be  no  danger  arising  from  falls  of  stone,  etc. 
Of  course  the  cables  were  waterproofed,  but  it  was  thought  best  to  keep 
them  dry. 

The  President  remarked  that  the  cables  would,  of  course,  be  per- 
fectly safe  as  long  as  they  were  not  broken. 

Mr.  T.  E.  FoRSTEE  replied  that  he  did  not  think  they  could  easily  be 
broken  when  placed  underground. 

Mr.  G.  S.  CoRLETT  (Wigan)  said  that  as  he  had  been  responsible  for 
the  electrical  portion  of  the  plant  described  by  Mr.  Palmer  he  would 
like  to  make  a  few  observations  on  it.  With  reference  to  the  resist- 
ance of  the  old  wire-rope,  Mr.  "Walker  was  right,  although  for  economy 
it  was  tempting  to  use  old  wire-ropes.  The  consideration  of  economy  in 
first  cost  induced  them  to  use  wire-rope  at  East  Howie  colliery.  They 
had  had  considerable  difficulty  with  the  connexions,  and  some  portions 
of  the  wire-rope  itself  offered  a  higher  electrical  resistance  than  others, 
so  that  there  was  a  consequent  amount  of  loss.  The  electric  plant  was  put 
down  as  the  cheapest  and  speediest  way  of  dealing  with  the  water  at  the 
coUieiy  and  not  with  the  view  of  publishing  interesting  results.     High 
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efficiency  was  about  the  last  thing  considered.  The  steam  was  obtained 
from  boilers  heated  by  the  waste  gases  of  the  coke  ovens,  so  that  a  few 
horse-power  of  steam  wasted  was  of  no  great  moment,  especially  as  the 
pimipiug  was  done  at  night,  when  there  was  a  large  quantity  of  spare 
steam.  The  only  question  considered  was  to  keep  the  cost  down  as  low 
as  possible.  He  was  not  at' all  sure  that  Mr.  Walker  was  right  in  saying 
that  this  plaut  had  the  lowest  efl&ciency  on  record.  The  term  "  plant- 
efficiency"  was  a  very  misleading  one,  and  it  would  hardly  be  fair  to 
compare  the  plant-efRciency  at  East  Howie  colliery  (from  the  plant- 
efficiency  point  of  view)  with  the  results  that  might  be  obtained  with  a 
plant  like  that  Mr.  Leach  referred  to.  He  claimed,  however,  that  they 
were  doing  more  work  at  East  Howie  colliery,  although  the  theoretical 
power  in  the  water  itself  might  not  show  it ;  he  contended  that  they  were 
dealing  with  a  larger  quantity  of  water  than  had  been  attempted  elsewhere 
in  this  country,  and,  taking  into  consideration  the  efficiency  of  the  trans- 
mission, they  were  getting  very  satisfactory  results.  The  plant  was 
originally  laid  out  to  deal  with  500  or  600  gallons  of  water  per  minute  ; 
now  they  got  900  gallons,  and  shortly  the  plant  would  be  dealing  with 
1,600  gallons  per  minute.  With  regard  to  the  loss  of  power  in  gearing, 
results  differed  considerably,  but  he  thought,  if  the  gearing  were  pro- 
perly designed,  this  was  not  a  serious  matter.  In  a  small  pumping 
set  which  was  put  to  work  the  previous  week,  he  had  found  by  careful 
measurement  that  the  power  absorbed  by  the  motor  when  driving  the 
pump  at  its  nonnal  s|x;ed  was  only  0*3  electric  horse-power  ;  the  pump 
was  a  three-throw  one,  with  3^  inches  rams,  making  30  revolutions  per 
minute,  driven  by  a  Crompton  electric  motor  running  at  1,200  revolu- 
tions per  minute.  The  pump  and  motor  are  fixed  on  the  same  bed-plate, 
connected  by  two  sets  of  double  helical  gearing.  He  contended  that  the 
loss  of  only  0*3  electric  horse-power  in  the  motor,  gearing,  and  pump 
friction  was  a  very  satisfactory  result.  Mr.  Forster's  plant  might  possibly 
be  the  largest  pump  in  the  kingdom,  but  it  was  only  pumping  250 
gallons  per  minute  as  compared  with  900  gallons  per  minute  at  East 
Howie  colliery.  He  would  like  to  know,  with  so  large  a  pump  as  that 
at  North  Seaton  colliery,  what  was  the  loss  in  running  the  pump  when 
empty  ?  He  might  remark  that  in  the  electric  pumping  and  hauling- 
plants  working  in  South  Wales  it  was  the  common  custom  to  use  a  very 
heavily  armoured  cable  and  to  bury  it  in  about  6  inches  of  dirt. 

Mr.  A.  L.  Steavenson  suggested  that  where  electricity  was  adopted 
as  a  means  of  transmitting  power  they  should  adopt  the  centrifugal  pump, 
and  avoid  the  use  of  gearing  when  the  height  of  column  permitted. 
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Mr,  Leach  said  electricians  always  raised  the.  question  of  the  size 
of  the  water-pipe ;  this  had  nothing  to  do  with  the  efficiency  or  useful 
effect.  With  regard  to  the  use  of  centrifugal  pumps  he  had  asked 
tenders  for  one  to  assist  a  syphon  which  had  been  troublesome. 

Mr.  W.  C.  Mountain  (Newcastle-upon-Tyne)  said  he  thought  that 
the  North  Seaton  pumping -plant  was  the  largest  in  the  kingdom,  so  far 
as  the  pumps  were  concerned,  the  rams  being  9  inches  in  diameter  and 
15  inches  stroke.  The  question  of  reducing  the  speed  of  the  motor  to 
that  of  the  pump— from  720  revolutions  to  30 — was  a  serious  one  to 
deal  with.  There  were  several  ways  of  doing  it :  the  first  by  ordinary 
spur-gearing ;  next  by  worm-gearing ;  and  thirdly  by  belts  and  other 
combinations.  Worm-gearing  was  adopted  for  the  North  Seaton  plant 
owing  to  want  of  space.  The  worm-wheel  was  made  of  phosphor- 
bronze,  and  the  gearing  perfectly  true.  It  was  pumping  over  260 
gallons  of  water  per  minute  against  a  head  of  50  feet,  and  the  dynamo 
produced  approximately  10  electrical  horse-power.  He  would  like  to  know 
how  ]\Ir.  Palmer  reduced  the  speed,  and  how  Mr.  Selby  Bigge  found  spur- 
gearing  to  work  at  the  high  speed  at  which  it  had  been  running  ?  With 
regard  to  the  cables  at  North  Seaton  colliery  they  were  placed  under- 
ground at  his  suggestion.  He  had  seen  several  of  the  so-called  safety- 
cables,  and  if  any  of  the  members  had  any  experience  of  these  he 
would  like  to  know  how  they  behaved  in  practice.  His  own  impres- 
sion was  that  they  could  not  avoid  a  certain  amount  of  sparking,  and 
probably  they  would  not  always  act  at  the  right  moment.  It  seemed  a 
pity  to  use  a  cheap  cable  simply  because  it  reduced  the  cost ;  in  a  case 
of  this  kind  people  should  be  disposed  to  spend  a  little  money  in  the 
first  instance  to  put  down  a  thoroughly  reliable  plant.  In  regard  to 
the  efficiency  of  the  North  Seaton  electric  pumps  it  was  only  fair  to 
say  that  in  a  small  engine  such  as  Mr.  Leach  used  the  efficiency  could 
not  be  very  high,  and  it  would  be  better  to  take  the  electrical  efficiency 
of  the  plant  itself. 

Mr.  Leach  said  he  was  not  able  to  give  the  power  going  into  the 
motor,  as  they  had  not  a  voltmeter.  The  2-24  horse-power  used  to  drive 
the  engine  alone  amounted  to  18-06  per  cent.,  and  although  that  was 
rather  high  it  would  be  equally  so  with  compressed  air  or  any  other 
plant.  They  could  not  discard  the  engine,  seeing  it  was  the  motor  power 
whether  using  electricity  or  air  or  anything  else. 

Mr.  M.  Walton  Brown  asked  whether  the  use  of  safety-cables  was 
necessary  ?  If  they  were  efficient  there  were  still  other  parts  of  the  plant 
which  might  become  heated,  such  as  the  resistance-frames,  etc.     If  Mr. 
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Mountain  or  Mr.  Forster  had  made  any  test,  he  would  like  to  know 
whether  the  insulation  of  the  cable  had  been  maintained  as  good  as  when 
the  plant  was  erected  ? 

Mr.  Mountain  said  the  cables  at  North  Seaton  colliery  were  con- 
centric, insulated  with  bituniinized  fibre,  and  finally  drawn  into  lead 
piping.  They  were  then  braided  outside  and  covered  with  bitumen,  so 
that  it  was  almost  impossible  for  the  wet  to  destroy  the  insulation. 

Mr.  T.  E.  Forster  said  that  at  North  Seaton  colliery  the  cables 
were  only  buried  where  the  ground  was  dry. 

Mr.  Mountain  said  the  cable  had  only  been  laid  about  three  months, 
and  it  was  hardly  fair  to  take  a  resistance  test  at  present. 

Mv.  Walton  Brown  suggested  that  the  Atkinson  cable  at  Newbottle 
collieries  might  be  tested  by  trying  the  effect  of  breaking  the  cable  in 
the  engine-house  at  bank  when  the  full  load  was  on. 

Mr.  Leach  remarked  that  each  switch  was  in  a  gas-tight  case. 

Mr.  W.  C.  Blackett  (Durham)  said  there  had  been  no  cases  brought 
before  the  Institute  in  which  the  so-called  safety  and  other  cables  had 
been  tested  in  a  practical  way.  In  answer  to  a  question  he  had  put  at 
a  previous  meeting  one  gentleman  admitted  that  non-sparking  was  not 
in  accordance  with  theory,  and  the  claim  that  they  did  not  spark  in 
use  was  based  upon  laboratory  experiment  only.  He  (Mr.  Blackett)  was 
not  an  electrician,  but  looking  at  the  matter  from  a  common-sense  point 
of  view  he  failed  to  see  how  they  could  break  a  wire  without  getting  a 
spark.  As  regards  the  lead-covered  cable  he  would  have  liked  to  hear 
the  result  of  actual  experience.  He  had  a  small  experience — scarcely 
worth  mentioning — in  conjunction  with  the  more  important  plants 
described.  In  lighting  a  pit  100  fathoms  deep,  he  had  been  obliged  to 
use  a  bitumen-covered  cable  after  the  failure  of  two  lead-covered  ones. 
The  first  lead-covered  cable  failed  in  a  very  short  time ;  the  pit  was  wet, 
the  lead  seemed  to  be  eaten  away  at  once,  and  the  current  leaked  into  the 
brickwork  of  the  shaft.  The  makers  said  they  could  supply  a  better  lead- 
covered  cable,  and  it  was  tried,  but  the  result  was  the  same  as  before. 

Mr.  T.  E.  Forster  asked  if  the  cables  were  covered  with  anything 
besides  lead  ? 

Mr.  Blackett  replied  that  the  first  was  simply  lead-covered,  the 
second  had  a  bituminized  cover  over  the  lead.  Insulators  were  used,  but 
a  distinct  current  could  be  felt  by  placing  the  hand  on  the  brickwork  in 
the  shaft. 

Mr.  Mountain  asked  if  the  cables  themselves  were  thoroughly 
insulated  ? 
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Mr,  Blackett  replied  that  they  were  bought  as  such. 

Mr.  Mountain — What  was  the  insulation  ? 

Mr.  Blackett  did  not  know. 

Mr.  Mountain  could  not  understand  if  the  pit  water  was  pure  water 
how  it  could  affect  the  lead  covering ;  of  course  a  chemical  action  in  the 
water  might  be  the  real  cause  of  the  mischief. 

Mr.  Stratton  thought  the  fact  of  feeling  the  shock  through  the 
brickwork  proved  defective  insulation. 

Mr.  Blackett  said  of  course  that  was  what  he  complained  of. 

Mr.  Stratton  meant  that  the  cable  might  not  have  been  carried  down 
the  shaft  on  proper  insulators. 

Mr.  Blackett  said  the  cable  was  insulated,  but  it  was  thought  that 
the  wet  state  of  the  shaft  destroyed  the  effects  of  the  insulators. 

Mr.  T.  E.  Forster  suggested  that  a  test  of  the  water  in  the  shaft 
might  reveal  something. 

Mr.  Blackett  said  the  water  had  been  analysed,  but  nothing  of  an 
injurious  nature  was  discovered  in  it. 

Mr.  A.  L.  Steavenson  said  he  understood  it  had  been  suggested  that 
the  loss  of  power  at  the  engine  should  not  be  reckoned,  but  it  was  so  when 
other  systems  were  tested. 

Mr.  Mountain  explained  that  his  contention  had  been  that  as  the 
efficiency  of  engines  varied  considerably— that  of  an  engine  running  at 
100  or  200  revolutions  per  minute  being  much  higher  than  one  running 
at  10  or  15  revolutions— this  loss  should  not  be  debited  to  the  electrical 
plant. 

Mr.  Henry  Palmer,  replying  to  the  discussion,  said  he  agreed  in  the 
main  with  Mr.  S.  F.  Walker's  remarks  as  to  the  use  of  old  wire-ropes;  but, 
as  Mr.  Corlett  had  pointed  out,  the  only  reason  for  using  wire-ropes  was 
on  the  score  of  economy  in  first  cost.  He  would  say  plainly  that  if  he 
were  again  required  to  put  down  an  electric  plant,  after  the  experience  he 
had  gained,  he  would  not  hesitate  to  put  down  a  double  insulated  con- 
ductor. As  he  pointed  out  on  page  273*  the  wire-rope  was  supplemented 
by  copper  wires  in  order  to  reduce  the  loss,  which  amounted  to  some- 
thing like  200  volts  out  of  550.  He  did  not  think  he  had  advocated 
the  use  of  old  wire-rope,  for  they  had  found  it  very  unsatisfactory.  Mr. 
Walker  also  referred  to  the  small  water-pipes,  but  as  had  been  explained 
in  the  paper  these  were  already  in  position,  and  rather  than  face  an 
expenditure  of  about  £800,  they  elected  to  put  up  with  a  certain  loss  of 
efficiency  of  which  they  were  fully  aware.  With  reference  to  Mr. 
*  Trans.  Fed.  Inst.,  vol.  iii. 
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Steavenson's  remark  as  to  plant-efficiency  some  little  mistake  seemed  to 
have  crept  in  ;  what  he  meant  to  convey  was  that  nearly  every  plant 
differed  from  every  other  owing  to  local  circmnstances,  and  it  seemed  to 
him  that  for  the  purposes  of  comparison  it  was  better  to  stop  short  at  the 
work  deUvered  on  the  pulley  of  the  motor  and  ignore  the  work  done  in 
friction  of  water  lifted,  in  comparing  the  efficiencies  of  electric  plant.  He 
gave  the  actual  comparison  of  the  work  done  in  the  water  lifted  compared 
with  the  indicated  power  of  the  engine,  and  the  result  to  most  people  ap- 
peared low — 16|  per  cent.  (Mr.  Walker  said  the  lowest  on  record.)  He 
was  not  ashamed  of  the  result,  for  it  answered  the  purpose  very  well.  The 
plant  saved  the  pit  from  absolute  drowning  on  three  separate  occasions,  and 
they  had  every  reason  to  be  satisfied  with  the  result.  The  plant-efficiency 
could  have  been  made  greater  if  they  had  gone  to  a  higher  first  cost.  He 
only  contended  for  his  own  case  ;  Mr.  Steavenson  seemed  to  think  he 
proposed  to  extend  it  to  other  cases.  It  was  hardly  fair  to  compare  the 
East  Howie  efficiency  of  16  "4  per  cent,  with  that  of  North  Seaton  of  46 
per  cent.  They  should  consider  that  in  one  case  they  were  pumping  900 
gallons  through  a  9  inches  water-pipe,  and  in  the  other  only  140  gallons 
through  a  6  inches  pipe.  The  question  of  gearing  was  a  mechanical  one, 
and  there  was  a  good  deal  in  Mr.  Steavenson's  contention  that  they  could 
not  reduce  from  1,100  to  40  revolutions  without  some  loss  in  the  gearing. 
This  loss  was,  unfortunately,  unavoidable  in  the  present  stage  of  their 
experience,  and  until  they  could  devise  some  other  arrangement  of  running 
motors  at  a  lower  speed  or  running  plants  coupled  up  direct,  they  would 
have  to  put  up  with  it.  No  doubt  in  a  few  years'  time  they  would  have  more 
knowledge  and  be  able  to  put  up  more  economical  plant  than  at  present. 
He  had  no  knowledge  of  the  use  of  electricity  at  the  face  ;  at  present  he 
had  only  put  on  record  what  they  had  done  where  employing  naked  lights, 
and  until  they  had  something  more  before  them  on  the  subject  he  would 
not  care  to  go  beyond  this.  He  thought  Mr.  Mountain  suggested  the 
elimination  of  the  engine,  and  starting  with  the  power  delivered  into  the 
dynamo  at  bank,  and  utilized  in  the  water  below.  It  did  not  much  matter, 
however,  which  way  it  was  taken,  so  long  as  it  was  understood ;  but  the 
same  might  be  urged  in  regard  to  the  experiments  made  in  past  years  on 
fans.  He  was  glad  to  hear  what  Mr.  Blackett  said  as  to  the  lead-covered 
cable.  It  occurred  to  him  that,  say  with  buried  cables  on  engine-planes, 
it  was  a  frequent  practice  to  take  ballast  and  such  like  material  to  make 
the  roadway,  and  if  water  accumulated  this  might  produce  an  undesirable 
liquid  to  act  upon  the  cable — something  of  the  nature  of  sulphuric  acid, 
which  woilld  speedily  effect  a  great  deal  of  hai-m.     With  reference  to  Mr. 
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Stratton's  remarks  on  insulated  wires,  no  matter  how  they  insulated  with 
the  earthenware  insulator,  if  the  shaft  was  wet  they  would  get  leakage; 
he  found  this  at  once  with  their  old  ropes  when  he  stood  in  a  damp  place. 
In  conclusion,  he  now  considered  that  tlie  results  of  the  test  referred  to 
on  page  277  of  his  paper*  should  be  summarized  as  follows  : — 


Loss  in  engine 

„     generator    . . . 

„      cables 

„     motors 

„     pumps 

„     pipe  friction 
Water  lifted 


Indicated 
Horse-power. 

Percentage  of 
Work. 

12-00 

22-33 

3-62 

6-73 

7-04 

13-09 

3-36 

6-25 

o-Sl 

9-93 

13-60 

25-30 

8-80 

16-37 

53-76 


100-00 


The  two  items  of  pipe  friction  and  water  lifted  give,  when  added  together, 
the  useful  effect  of  the  plant,  which  was  equal  to  ■41*67  per  cent.  The 
details  of  the  calculations  of  the  pipe  friction  are : — 


Length  of  Pipes. 
Yards. 

Diameter  of  Pipes. 
Inches. 

Water  Pumped. 
Gallons. 

Head  of  Water 
Feet. 

750 

9 

delivery,  880 

=--       40-4775 

50 

9 

„        440 

•6745 

50 

9 

suction,  440 

-6745 

132 

9 

„         340 

1-0626 

20() 

4 

100 

8-0200 

Total 


50-9091 


Or  51  feet  of  head  due  to  pipe  friction,  equal  to  18'60  horse-power. 

Mr.  D.  Selby  Bigge  wrote  in  reply,  referring  to  Mr.  Leach's  remarks 
and  the  particulars  given  of  the  tests  which  resulted  in  a  useful  effect  of 
32  per  cent,  being  obtained  with  the  Seghill  plant,  that  the  engine  for 
driving  the  electric  pumping  plant  was  about  three  times  larger  than 
necessary,  provision  being  made  for  driving  an  electric  lighting  dynamo 
as  well.  With  a  small  head  and  large  suction-pipes  the  slip  in  the  pump 
would  be  very  materially  increased;  and,  taking  the  small  size  of  the  j)lant 
and  other  things  into  consideration,  the  result  is  very  reasonable.  With 
reference  to  Mr,  A.  L.  Steavenson's  remarks,  the  ^mter  maintains  that, 
provided  all  the  conditions  are  given,  the  exact  useful  effect  which  will 
be  obtained  can  be  computed  far  more  accurately  in  the  case  of  electricity 
than  for  compressed  air  or  any  other  means.  It  has  been  the  writer's 
experience  that  one  can  predict  mth  almost  absolute  exactitude  the 
current  required  by  a  machine  in  order  to  do  a  given  amount  of 
work,  the  current  being  conveyed  through  any  given  length  of  cable  of  a 
*  Trans.  Fed.  Inst.,  vol.  iii. 
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section  previously  determined.  Makers  of  electric  power  plants  are  pre- 
pared to  guarantee  within  5  per  cent,  the  exact  results  they  will  obtain, 
a  guarantee  that  makers  of  compressed  air  plants  are  not  prepared 
to  o-ive.  The  loss  in  gearing  should  not  exceed  10  per  cent,  if  the  gearing 
is  accurately  made  and  fitted.  The  writer  would  be  very  glad  to  hear 
what  are  the  results  which  have  been  obtained  by  the  electric  pumping 
plant  at  North  Seaton  colliery,  of  which  a  few  particulars  were  given  by 
Mr.  T.  E.  Forster.  He  does  not  think,  however,  that  a  very  high  effi- 
cieocy  will  be  obtained,  as  the  head  is  small  and  the  quantity  of  water 
pumped  at  present  not  very  considerable;  and  he  believes  that  the  voltage 
adopted  was  low,  not  exceeding  300  volts.  The  writer  can  point  out  that 
no  case  of  injury  to  persons  has  been  recorded  with  pressures  of  800  volts 
downwards:  indeed,  he  can  personally  testify  that  he  has  received  shocks 
of  this  pressure.  The  very  obvious  advantages  derived  from  a  small 
cable,  the  small  currents  to  be  handled,  the  great  reduction  in  first  cost, 
and  the  efficiency  which  is  obtained,  point  to  the  desirability  of  using  the 
highest  possible  voltage  consistent  with  the  safety  of  the  workpeople  em- 
ployed. All  cables  are  liable  to  damage  from  various  causes  ;  and  the 
writer's  view  is,  that  that  cable  which  is  the  most  accessible  to  examina- 
tion and  repair  is  the  best  for  use  in  mines,  and  a  well  insulated  cable  run 
on  insulators  is  to  be  preferred  to  a  buried  cable.  Mr.  A.  L.  Steavenson 
suggests  the  use  of  centrifugal  pumps  in  order  to  avoid  the  use  of 
gearing:  they  are  very  suitable  for  small  heads  and  large  volumes  of 
water,  but  electrical  engineers  are  especially  concerned  in  cases  where  con- 
siderable distances  are  involved  and  small  volumes  of  water  to  be  lifted 
great  heights.  Mr.  Leach  alleged  that  the  size  of  the  water-pipe  had  little 
effect  upon  the  efficiency  of  the  ])lant.  The  writer  has  found,  by  practical 
experience,  that  with  heads  of  from  100  to  400  feet  the  pipe  friction 
formed  from  100  to  25  per  cent,  of  the  total  work,  and  that  the  average 
friction  in  colliery  pipes  was  from  three  to  five  times  as  great  as  that 
given  by  the  highest  of  recognized  rules  and  tables.  The  writer's  firm 
had  found  that,  except  in  the  case  of  very  low  heads,  worm-gearing  was 
inadmissible  owing  to  the  great  loss  of  power  by  friction,  particularly 
when  the  worm-gearing  became  somewhat  worn.  He  agreed  with  Mr. 
Mountain  in  saying  it  would  be  better  to  take  the  electrical  efficiency  of 
the  plant  at  Seghill,  owing  to  the  smallness  of  the  motor  engine.  The 
writer,  however,  hopes  shortly  to  lay  before  the  members  of  the  Institute 
a  series  of  complete  tests  made  on  electric  power  plants  varying  in  size 
from  5  to  300  horse-power. 

The  President  thought  the  discussion  on  these  papers  must  now  be 
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closed,  though  he  felt  sure  they  would  still  hear  much  on  the  same  subject. 
Electric  transmission  was  in  its  infancy  and  it  would  be  employed  in 
many  places  where  it  was  impossible  to  convey  other  power.  It  was  a 
great  addition  to  the  power  at  the  disposal  of  the  mining  engineer,  and 
as  time  went  on,  ami  they  got  to  know  more  about  it,  its  efficiency  would 
no  doubt  be  much  improved. 


DISCUSSION"   UPOX   MR.    J.    L.   SHAW'S    PAPER    OX   "THE 
HEMATITE  ORES  OF  CUMBERLAND." 

Mr.  J.  M.  Main  wrote  that  he  had  had  over  twenty  years'  experience 
in  the  working  of  iron  ore  in  Cumberland,  and  had  taken  considerable 
interest  in  the  various  theories  which  had  from  time  to  time  been  pro- 
poun  led  as  to  the  mode  of  hematite  deposition.  With  reference  to  this 
question,  he  would  mention  one  or  two  prominent  facts  which  had  come 
under  his  observation,  and  which  were  altogether  antagonistic  to  the 
explanation  given  by  Mr.  Shaw.  Although  there  was  much  in  the  paper 
open  to  criticism,  he  would  confine  himself  at  present  to  the  remarks 
bearing  directly  on  the  mode  of  deposition.  In  dealing  with  this  part  of 
the  subject,  Mr.  Shaw  mentioned  that  it  was  a  simple  matter  to  account 
i'or  the  suppoi't  of  the  roofs  of  the  supposed  caverns  before  they  were  filled 
with  iron  ore.  His  remarks  on  this  point  were  certainly  curt  and  vague. 
He  says*  "  It  is  known  that  there  arc  many  paints  of  support,  in  addition 
to  the  rock  at  the  outer  run  or  edge  of  the  deposit,  where  the  roof  stone 
meets  the  sole  without  any  intervening  ore.  One  of  these  points  is  shown 
in  the  section  (Fig.  3,  Plate  XXXVII.)  across  the  Hodbarrow  mines. 
The  overlying  limestone  must  have  been  steadied  in  this  way,  and  if  at 
any  point  the  limestone  was  not  supported,  and  fell  upon  the  sole  before 
the  deposition  of  the  ore  took  place,  then  at  that  point  the  ore  would  not 
be  deposited.  The  above  remarks  especially  apply  to  the  iron  ore  mines 
in  the  Egremont  district."  An  explanation  of  this  kind,  to  be  consistent, 
must  apply  not  merely  to  a  particular  part  of  a  district  but  to  the  whole 
field.  The  writer  is  acquainted  with  several  large  deposits  scattered  over 
the  hfematite-bearing  measures  of  Cumberland,  where  the  roof  of  the  ore- 
bed,  shelving  off  from  faults,  stretched  at  right  angles  from  these  faults 
to  a  distance  of  from  50  to  150  feet,  the  roof  in  some  cases  being  lime- 
stone, with  "  pockets "  of  shale  extending  upwards  for  several  feet,  the 
limestone  itself  not  being  of  that  character  which  would  support  a  super- 
incumbent weight  anything  like  so  great  as  would  prevail  during  the  time 

*  Trans.  Fed,  Inst.,  vol.  iii.,  page  589. 
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the  pre-existent  caverns,  described  by  Mr.  Shaw,  remained  unfilled.  In 
other  cases  the  roof  consisted  of  a  shale-bed  of  a  soft  and  brittle  nature 
which  could  not  possibly  support  its  own  weight,  even  if  the  space  were 
only  a  tenth  part  of  that  indicated.  These  shale  roofs  are  interbedded 
with  the  surrounding  hmestone.  As  an  instance  of  the  latter,  the  writer 
may  mention  the  deposit  of  iron  ore  in  the  Crossfield  Company's  mines, 
extending  from  No.  7  pit  westward  to  the  main  north-and-south  fault, 
running  through  that  portion  of  then*  estate  ;  the  lateral  spread  of  the 
ore-bed  was  about  75  feet,  while  its  longitudinal  extension,  embracing 
the  above  width,  was  200  feet.  The  avei-age  thickness  of  the  ore  was 
about  9  feet,  and  that  of  the  overlying  shale  6  feet.  Here  and  there, 
blocks  of  siliceous  limestone  occurred  above  the  ore,  but  under  the 
shale.  These  blocks  when  undermined  had  to  be  securely  propped  to 
prevent  them  falling.  No  stretch  of  the  imagination  could  reconcile 
either  of  the  above  conditions  with  that  part  of  Mr.  Shaw's  explana- 
tion contained  in  the  paragraph  above  quoted.  Another  point,  which 
seemingly  had  escaped  Mr.  Shaw's  observation,  but  which  had  been 
prominently  brought  forward  by  Mr.  J.  D.  Kendall  in  his  paper  on  the 
"  Haematite  Deposits  of  West  Cumberland,"  and  which  unquestionably 
was  a  clenching  argument  in  favour  of  the  displacement  theory,  was  the 
fact  of  shale-beds  extending  not  only  across  an  ore  deposit  but  into  the 
limestone  which  formed  the  surrounding  walls.  Mr.  Kendall,  in  his 
paper  on  the  "  Haematite  Deposits  of  West  Cumberland,"  gave  a  section 
showing  the  position  of  such  a  bed  in  the  Crossfield  Company's  No.  8 
opencast  workings.  The  writer  can  testify  to  the  accuracy  of  this  section, 
as  in  several  places  the  bed  was  followed  for  a  considerable  distance  into 
the  hanging  wall.  The  ore  at  this  part  was  from  20  or  30  feet  from  wall 
to  wall,  whilst  its  thickness  both  above  and  below  the  shale-bed  was  also 
considerable.  This  shale  parting  or  bed  must  have  existed  before  the  ore 
was  deposited,  and  must  have  remained  suspended  in  empty  space  during 
the  time  Mr.  Shaw's  presupposed  caverns  were  being  filled  with  iron 
ore,  by  aqueous  agency,  from  the  bottom  upwards,  which  is  an  utter 
impossibility.  This  fact  was  a  complete  proof  that  the  haematite  deposits  in 
Cumberland  were  formed  by  replacement,  as  first  suggested  by  Mr.  Kendall, 
and  demonstrated  frequently  by  huu  with  an  array  of  facts  and  care- 
ful deductions,  which,  for  completeness,  have  not  been  approached  by 
any  other  wiiter.  He  (Mr.  Main)  had  found  a  number  of  the  fossils, 
common  to  the  district  limestone  in  the  ore  itself,  the  presence  of  which 
in  such  a  position  could  not  be  explained  in  any  other  way  than  that 
advocated  by  Mr.  Kendall. 
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Mr.  J.  D.  Kendall  wrote  in  reply  to  the  remarks  of  Mr.  J.  L.  Shaw* 
on  four  points  :  firstly,  as  to  the  thin  shales  that  are  interl)ecldecl  with  the 
hfematite  and  the  surrounding  limestone  ;  secondly,  as  to  the  nature  of  the 
Gillfoot  Park  deposit ;  thirdly,  as  to  the  so-called  limestone-bed  in  the 
breccia  ;  and,  fourthly,  as  to  the  quantity  of  calcareous  matter  contained 
in  the  thin  ore-bed  at  Bigrigg.  The  writer  put  a  numljer  of  ((uestions  to 
Mr.  Shaw  which  that  gentleman  has  not  attempted  to  answer,  nor  shown 
that  they  were  irrelevant  to  the  points  at  issue.  Surely  it  was  incumbent 
upon  him  to  do  either  one  or  other  of  these  things,  or  to  admit  frankly 
that  he  could  not.  Even  the  latter  course  would  have  been  much  more 
satisfactory  to  members  than  a  regalement  of  storyettes  apropos  of  nothing. 
The  writer  did  not,  however,  intend  to  let  Mr.  Shaw  off  in  this  easy 
maimer,  but  again  invited  him  to  pursue  one  or  other  of  the  courses  just 
indicated.  If  the  explanation  of  that  gentleman  Avas  worth  anything  at  all 
surely  it  was  worth  defending  and  making  intelligible.  But  to  come  to  the 
particular  questions  that  induced  this  communication,  Mr.  Shaw  said,t 
he  had  been  "  employed  twenty-two  years  in  the  iron-ore  mines  of 
Furness  and  Cumberland  without  seeing  a  bed  or  parting  of  shale 
running  through  a  gut  of  ore  and  into  the  limestone  on  either  side." 
This  is  not  surprising  when  we  remember  how  much  people  look  at  and 
never  see,  but  in  Mr.  Shaw's  case  it  win  only  what  might  be  expected  when 
it  is  known  that  his  experience  of  the  deposits  mentioned  by  the  writer  as 
containing  these  interbedded  shales  is  absolutely  nil.  A  man  might  spend 
a  hundred  years  in  different  ore  deposits  of  this  district  and  yet  never  see 
one  of  these  shale  partings,  for  the  simple  reason  that  there  are  only  some 
deposits  which  contain  them.  They  are  never  found  in  deposits  in  the 
first  or  second  limestone  of  Cumberland,  and  very  rarely  indeed  anywhere 
in  Furness.  But  if  Mr.  Shaw's  cavernous  and  sedimentary  explanation  be 
correct  why  should  not  these  partings  be  found  in  all  deposits  alike  ?  On 
the  other  hand  if  the  deposits  originated  by  replacement  it  would  be  use- 
less looking  for  interbedded  shales  in  deposits  of  the  first  and  second 
limestone  of  Cumberland,  because  such  shales  do  not  exist  lu  the  limestone, 
nor  are  there  many  in  the  thick  limestone  of  Furness.  It  is  difficult, 
however,  to  rid  one's  self  of  the  impression  that  Mr.  Shaw  had  not  been  very 
anxious  to  find  these  shale  partings,  or  it  would  have  been  a  very  easy 
matter  for  him  to  have  asked  the  writer  where  any  could  be  seen,  which 
he  never  did.  And  now  as  to  the  nature  of  the  Gillfoot  Park  deposit. 
Mr.  Shaw  says  he  "  does  not  think  that  Mr.  Kendall  has  had  any  previous 
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acquaintance  with  this  deposit,  because  he  speaks  only  about  the  eastern 
side  of  the  bed-hke  deposit  being  tilted,  and  takes  no  notice  of  the  great 
downthrow  fault  on  which  the  vein-like  ore  lies  900  feet  to  the  west. 
Mr,  Kendall  is  clearly  in  eiTor,  his  sketch  incoiTect,  and  his  idea  of  the 
beds  Ijeing  tilted  is  quite  erroneous."     In  reply  to  the  first  part  of  this 
statement  the  writer  would  like  to  say  that  he  is  not  in  the  habit  of  writing 
on  subjects  of  which  he  has  not  had  experience,  and  that  not  only  has  he 
had  experience  of  the  Gillfoot  Park  mines  and  the  Whin  Pit  under  the 
cemetery,  but  of  every  other  deposit  in  the  Whitehaven  district  and 
Fnrness.     This  is  something  doubtless  outside  Mr.  Shaw's  knowledge,  but 
the  writer   hoped  that  that   gentleman    will  not   therefore  treat   it   as 
apocryphal  as  he  does  the  sliale  partings,  simply  because  he  knows  nothing 
about  them.     !Mr.  Shaw  surely  cannot  see  the  full  force  of  the  implication 
contained  in  his  statement.     Moreover,  it  is  impossible  to  argue  with  any- 
one who  assumes  such  a  position  as  he  had  doue.     If  he  were  to  treat  as 
apocryphal  everything  that  he  had  not  seen  almost  the  entire  universe 
would  be  to  him  but  a  fiction.     As  to  the  accuracy  of  the  section  of  the 
rise  part  of  Gillfoot  Park  mine,  given  by  the  writer,  he  can  only  at  present 
re-affinn  it,  knowing  that  it  represents  substantially  the  facts.     It  can, 
however,  easily  be  verified  or  disproved  by  going  down  the  Whin  Pit 
shaft,  which  was  still  open,  and  so  doubtless  was  the  drift  therefrom,  which 
cut  through  the  red  shales  underlying  the  ore.     This  would  involve  some 
cost,  but  the  \vriter  was  quite  willing  to  bear  that  should  his  section  be 
proved  to  be  wrong  (i.e.,  if  the  beds  be  not  tilted  as  he  says),  provided  Mr. 
Shaw  would  take  upon  liimself  a  similar  responsibility  in  case  the  writer's 
section,  on  independent  evidence,  was  foimd  to  be  right.     This  seemed  to 
be  the  only  mode  of  settling  the  difference  between  us,  otherwise  affirma- 
tion and  denial  might  go  on  interminably.     Mr.  Shaw's  remarks  about  No, 
4  Pit  at  Gillfoot  Park,  sinking  through  the  so-called  limestone-lxjd,  did 
not  affect  the  matter  in  dispute.     The  writer  had  seen  several  pits  sunk 
through  these  limy  bauds,  and  the  sinkei-s  were  invariably  of  opinion 
that  they  were  going  through  a  broken  limestone-bed.     In  reality  it  was 
only  a  very  limy  part  of  the  breccia.     Mr.  Shaw  was  under  a  misapprehen- 
sion in  supposing  that  anyone  had  indicated  that  he  was  not  a  theorist. 
However,  it  was  highly  satisfactory  to  know  that  his  mind  was  strictly 
practical,  for  he  would  be  the  better  able  to  deal  with  the  following  very 
practical  question.     If  Gillfoot  Park  deposit  was  formed  in  a  cavern,  will 
Mr.  Shaw  say  why  the  lessees  have  not  been   alile  to  extract  the  ore 
worked  by  pits  Nos.  1  and  2,  and  leave  the  original  cavern  intact  .^     As  a 
matter  of  fact  the  whole  roof  has  collapsed,  aud  settled  down  upon  the 
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floor.  The  surface  of  the  ground  subsiding  con'espondingly.  We 
feel  very  sure  that  if  we  were  to  fill  up,  say  the  Peak  Cavern  or 
Kent's  Hole,  or  any  other  of  the  numerous  caverns  in  the  country,  we 
could  practically  exhaust  them  again  without  injuring  the  strength  of  the 
roof  in  any  way.  And  why  ?  Because  the  span  of  the  roof  in  every  case 
is  so  small  that  there  is  abundant  strength.  The  great  downthrow  fault 
which  Mr.  Shaw  says  the  writer  takes  no  notice  of  is  actually  shown  in 
his  (the  writer's)  section.  Again  Mr.  Shaw  writes  "  there  is  nothing  in 
Mr.  Kendall's  remarks  about  there  being  calcareous  rock  in  the  ore-bed  at 
Bigrigg ;  that  is  common  enough.  There  is  much  less  lime  than  sand  in 
its  composition,  the  stratum  being  composed  of  haematite,  sandstone,  and 
calcareous  mudstone."  To  this  the  writer  would  reply  that  he  does  not 
believe  there  is  a  grain  of  sand  in  the  bed.  There  is  some  re-deposited 
silica,  but  not  much,  whereas  there  are  large  portions  of  the  bed  almost 
entirely  calcareous.  But  to  settle  the  point  the  writer  is  prepared  to  have 
an  independent  analysis  made  on  the  terms  mentioned  above  with  regard 
to  the  testing  of  the  facts  at  Gillfoot  Park.  Lastly,  Mr.  Shaw  says  the 
"  growing  together  of  haematite  and  limestone  is  wrongly  expressed,  and 
conveys  a  wrong  meaning,"  but  he  does  not  tell  us  how  to  express  the  fact, 
nor  what  is  the  wrong  meaning  which  it  conveys.  Will  he  kindly  do  so  ? 
The  writer's  chief  anxiety  is  about  the  facts,  and  therefore  he  would  most 
readily  express  any  of  them  differently  if  by  so  doing  they  became  more 
intelligible.  This  leads  us  to  another  remark  of  Mr.  Shaw's  that  "  the 
different  classes  of  matter  (in  the  ore)  became  ultimately  separated  by  the 
affinity  of  particles."     What  does  this  mean  ? 

Mr.  J.  L.  Shaw,  in  reply,  \\Tote  that  since  replying  to  Mr.  Kendall's 
first  remarks  he  had  carefully  looked  over  the  sections  contained  in 
that  gentleman's  paper  on  "The  Haematite  Deposits  of  West  Cum- 
berland," which  show  nothijig  against  the  idea  of  the  deposition 
of  ore  in  caverns,  and  the  aqueous  and  chemical  formation  of  haematite. 
The  writer  has  given  his  opinion  in  regard  to  the  Gillfoot  Park 
deposit  that  "  in  this  case  at  all  events  the  cavern  was  excavated  first 
and  the  ore  deposited  therein  afterwards."  Mr.  Kendall  assimies  when 
he  mentions  a  bed  of  shale  running  through  a  body  of  ore,  and  into  the 
limestone  on  one  or  both  sides,  that  it  is  necessary  that  the  whole  of  the 
limestone  which  the  ore  has  replaced  should  first  have  been  carried 
away,  according  to  the  writer's  theory  above-named.  But  the  writer 
did  not  convey  that  meaning;  and  it  was  not  necessary  that  he 
should,  while  still  retaining  his  opinion  as  to  the  ore  having  been  deposited 
in  caverns,  because  in  many,  if  not  in  all  cases,  the  wearing  action  on  the 
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limestone,  and  the  deposition  of  iron  may  have  gone  on  simultaneously. 
Time  is  a  very  great  element  in  the  work  of  nature,  so  that  while  the 
limestone  was  being  softened  and  worn  by  acidulated  water  (beginning  of 
course  at  the  point  next  the  fault  or  joint  to  which  the  water  had  readiest 
access),  at  the  same  time  and  from  the  same  water  iron  was  being  deposited. 
This  process  would  go  on  until  any  shale-bed  was  reached,  when  a  new 
bed  would  already  have  been  formed  for  the  shale  to  rest  on,  and  it  was  not 
necessary  that  the  water  should  have  washed  away  the  shale-bed,  at  all 
events  in  all  cases,  but  that  the  same  process  should  have  gone  on  until 
the   whole  cavern  was  tilled.     There  is   not   in  any  of  Mr.  Kendall's 
sections  a  case  to  which  this  method  of  formation  would  not  apply.     The 
writer  had  never  seen  the  necessity  of  bringing  in  shale-beds  to  support  his 
opinion  on  the  formation  of  haematite,  and  he  did  not  therefore  think  it 
necessary  to  ask  Mr.  Kendall  where  the  shale-beds  above  refen-ed  to  were 
to  be  seen,  but .  was  guided  by  the  sections  in  Mr.  Kendall's  paper.     Mr. 
Kendall  looks  at  the  matter  from  an  entirely  different  standpoint,  and  it 
was  not  necessary  therefore  that  the  writer  should  see  the  relevancy  of 
some  of  his  questions,  and  as  for  opening  out  the  Whin  Pit  again  the 
proposal  was  not  practicable,  for  the  level,  from  the  shaft  at  all  events, 
had  doubtless  entirely  collapsed.     The  writer's  idea  in  regard  to  Mr. 
Kendall's  Gillfoot  Park  section  was  that  he  depended  upon  his  imagination 
when  it  was  drawn.     It  was  not  even  drawn  to  scale  like  the  sections  con- 
nected   with  Mr.   Kendall's  own   papers.     The  writer   was  not   there- 
fore  assuming   too   much    when   the   idea   entered   his  mind   that   he 
(Mr.  Kendall)  had  "no  previous  acquaintance"  with  the  Gillfoot  Park 
deposit.     He  could  not  deny  tliat  the  beds  of  limestone  and  shale  on  the 
hanging  side  of  the  vein  under  the  cemetery  were  steeper  than  the  general 
run  of  the  bedding  to  the  west  of  this  fault,  but  he  understood  Mr. 
Kendall,  by  his  statement  of  "  the  beds  being  tilted  at  a  high  angle  by  the 
fault  A"  to  mean  that  the  lying  side  had  been  forced  up  while  the 
writer's  idea  was  that  the  hanging  side  was  thrown  down.     It  might  be 
said  that  there  was  practically  no  difference,  but  attention  must  again  be 
called  to  the  fact  that  Mr.  Kendall  in  his  first  remarks  said  that  the  writ  jr 
was  "in  error"  in  regard  to  the  Gillfoot  Park  deposit  in  general,  and  to  this 
point  in  particular.     The  writer  did  not  depend  on  the  tescimony  of  the 
sinkers  in  regard  to  the  bed  of  limestone  mentioned  as  having  been  sunk 
through  in  the  No.  4  Pit  at  Gillfoot  Park,  but  on  that  of  Mr.  James  Stout, 
the  manager,  who  was  of  the  same  opinion.    Touching  Mr.  Kendall's  "  very 
practical  question  "  "  will  Mr.  Shaw  tell  us  why  the  Gillfoot  Park  lessees 
have  not  lieen  able  to  extract  the  ore  worked  by  pits  Nos.  1  and  2,  and 
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leave  the  original  cavern  intact?"  it  was  amusing  to  preceive  Mr.  Kendall's 
non-acquaintance  with  the  (rillfoot  Park  mine,  even  though  "he  has  had 
experience  of  that  and  every  other  deposit  in  the  AYhitehaven  district  and 
Furness."  Mi-.  Kendall  says  his  question  is  very  practical,  but  the  \n-iter 
must  point  out  that  the  conditions  of  mining  by  man  and  by  nature,  so 
to  speak,  are  very  diflferent,  and  he  does  not  think  the  members  will 
expect  him  to  enter  into  the  details  of  raining  at  Grillfoot  Park.  The 
conditions  being  entirely  different,  it  was  quite  wrong  to  make  a  comparison 
between  the  two,  man  had  to  make  ways — travelling  and  other  ways — 
which  nature  had  not  to  do,  and  he  must  also  point  out  that  water  could 
make  its  way  through  cavities,  which  man  could  not  see  with  his  naked  eye. 
But  as  before  remarked  it  was  not  necessary  in  order  to  controvert  Mr. 
Kendall's  "  rei)lacement  theory  "  that  the  whole  of  the  limestone  should 
have  been  removed  l;)efore  the  iron  was  deposited,  but  the  two  pro- 
cesses of  wasting  and  deposition  may  have  gone  on  simultaneously  in 
all  cases.  Besides  visiting  many  or  most  of  the  caverns  in  England  Mr. 
Kendall  has  been  in  the  United  States.  Has  he  visited  "the  Mammoth 
Cave  of  Kentucky  ? "  Is  not  the  area  which  there  stands  unsupported 
at  least  as  great  as  the  Gillfoot  Park  deposit,  and  has  it  not  stood  so  for 
ages  ?  It  was  not  necessary  to  make  an  independent  analysis  of  the  thin 
stratum  in  the  cutting  of  the  mineral  railway  at  Bigrigg,  because  the  mixed 
nature  of  the  stratum  was  easily  seen,  and  he  had  taken  specimens  from  the 
bed  which  consisted  of  hajmatite,  mud  and  sand,  or  rather  "  what  had  once 
been  mud  and  sand."  "  The  growing  together  of  the  limestone  and  ore 
is  left  unnoticed."  The  writer  differs  entirely  from  Mr.  Kendall  on  this 
point.  As  already  explained  he  did  not  think  that  the  limestone  and 
ore  had  grown  together  "  so  much  as  that  the  latter  had  been  "  growing  " 
while  the  former  was  being  wasted  by  the  ordinary  operation  of  water.  The 
writer  had  seen  ore  of  the  very  best  quality  entirely  surrounded  by  the 
cleanest  limestone.  One  case  was  in  the  first  iron-ore  pit  wdiich  was  sunk 
at  Stank-in-Furness  just  before  the  large  northerly  gut  of  ore  was  cut. 
A  patch  of  ore  was  seen  by  the  writer  in  the  side  of  the  shaft  about  12 
inches  in  diameter,  and  surrounded  as  above  stated.  It  was  surely  absurd 
to  ask  "if  Mr.  Shaw's  cavernous  and  sedimentary  explanation  be 
correct,  why  should  not  these  partings  be  found  in  all  deposits  alike  ?" 
Neither  Mr.  Kendall  nor  the  writer  have  the  slightest  doubt  about  the 
shales  which  sometimes  part  the  limestone-beds  being  found  in  particular 
parts  only,  and  that  haematite  was  found  in  all  parts  of  the  limestone  from 
top  to  bottom.  The  latter  was  an  axiom  of  the  profession  generally,  but 
these  shales  being  in  some  cases  interbedded,  so  to  speak,  with  ore  were  not 
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at  all  essential  to  explain  the  formation  of  htematite.  It  was  only  Mr. 
Kendall  and  Mr.  Main  who  look  on  these  shale-beds  as  "  a  clenching 
argnment "  in  favour  of  the  former  gentleman's  "  replacement  theory." 
"With  regard  to  the  writer's  remark  that  "  the  different  classes  of  matter 
(in  the  ore)  became  ultimately  separated  by  the  affinity  of  particles  "  he 
would  answer  'Mr.  Kendall's  question  by  asking  him  another.  How  does 
he  account  for  flints  in  chalk,  otherwise  than  as  the  aggregations  of  particles 
from  mutual  attractions  among  each  other  as  noticed  in  De  la  Beche's 
GeoUijiral  Researches,  page  94-,  when  treating  of  the  nodules  in  the  Lias  of 
Lyme  Regis  consisting  of  carbonate  of  lime  in  clay  ?  On  page  07  the  same 
author  says : — "  Layers'  of  nodules  ....  composed  of  substances  which 
have  separated  out  from  the  constituent  parts  of  a  mechanical  rock  after 
deposition  are  common  in  many  strata.  The  ironstone  nodules  of  the  Coal- 
measures  seem  to  have  been  thus  produced."  The  writer  had  in  his  paper 
applied  this  principle  to  the  clay  and  (juicksand  o\erlying  the  ore  at  the 
Hodbarrow  mines.  By  the  term  therefore  "  affinity  of  particles  "  was 
meant  the  same  thing  as  by  "mechanical  attraction  of  particles" 
in  the  part  of  his  paper  which  referred  to  these  clays  and  quicksands,  the 
mud  and  sand  in  these  diluvial  drifts  having  doubtless  been  thrown  down 
indiscriminately.  In  the  case  of  the  haematite  deposits  there  doubtless 
was  a  difference  in  the  rate  of  supply  of  material,  atmospheric  changes 
being  sufficient  to  account  for  these  differences,  and  for  differences  in  the 
quality  or  composition  of  the  ore.  Mr.  Main's  reference  to  one  of  the 
writer's  sections  applied  to  Fig.  2,  Plate  XXXYII.  (Gillfoot  Park),  and  not 
to  Fig.  3  (Hodbarrow  mines).  The  writer  had  not  the  sliglitest  doubt 
about  the  accuracy  of  Mr.  Kendall's  sections  which  were  published  in  con- 
nexion with  his  own  papers,  and  that  the  beds  of  shale  shown  on  these 
existed  before  the  ore  was  dej)osited,  but  he  entirely  differed  from  Mr. 
Main  in  thinking  it  impossible  that  ore  should  be  deposited  both  below 
and  above  such  shale-beds  by  the  ordinary  operations  of  water,  and  he 
could  see  no  proof  of  Mr.  Kendall's  pet  "  replacement  theory  "  in  it. 


Mr.  Henry  White  then  read  his  paper  on  "  The  Goad  Electric  Miner's 
Lamp  "  as  follows : — 


I 


THE  COAD  ELECTRIC  MINER's  LAMP.  29 


THE  COAD  ELECTRIC  MINER'S  LAMP. 


By  henry  white. 


During  the  last  few  weeks  the  writer  has  several  times  tried  the  Goad 
electric  safety-lamps  underground,  at  the  Walker  colliery,  and  being 
highly  pleased  with  the  improved  light  thought  that  a  description  of  the 
lamp  might  be  sufficiently  interesting  to  lay  before  the  members  of  this 
Institute. 

The  No.  1  electric  lamp  gives  a  light  much  superior  to  that  of  an 
ordinary  safety-lamp,  and  no  doubt  would  enable  work  to  be  done  more 
efficiently  underground. 

The  No.  3  electric  lamp  should  prove  very  useful  for  an  official, 
in  travelling  and  examining  high  places,  timber,  or  loftings ;  also  the 
rails,  joints,  lead,  gradient,  etc.,  of  engine-planes  and  inclines  and  work- 
ing-places generally.  It  might  also  be  very  usefully  applied  at  off-takes, 
landings,  bank-heads,  stables,  etc.;  and  at  the  bottom  and  top  of  staples 
where  coals  are  drawn  and  safety-lamps  are  now  in  use.  The  writer 
considers  it  much  superior  to  the  ordinary  safety-lamp  for  use  in  examin- 
ing ropes,  pulleys,  stone,  etc.,  in  upcast  shafts,  staples,  etc. 

Experimentally  it  was  found  that  with  the  ordinary  tin-can  Davy  lamp 
a  piece  of  white  paper  G  inches  square  could  only  be  seen  about  10  yards  off, 
whilst  with  the  No.  3  electric  lamp  it  could  be  seen  at  a  distance  of  40 
yards. 

This  electric  lamp  reduces  the  use  and  generation  of  electricity  down 
to  the  level  of  an  ordinary  oil  lamp,  and  the  light  is  given  at  considerably 
less  cost,  as  one  candle-power  is  given  for  10  hours  at  the  cost  of  one  penny. 

The  battery  is  a  primary  single-fluid  one,  made  of  ebonite  cells,  with 
platinum  connexions,  which  do  not  corrode  in  use,  the  usual  fault  and 
trouble  with  most  batteries.  No  scientific  knowledge  of  electricity  is 
required  in  its  use.  To  charge  the  battery  the  cover  is  removed,  and  the 
cells  filled  with  the  fluid  ;  then  the  zinc  plates  are  dropped  in  their  places 
when  they  immediately  connect  and  the  cover  put  on  again. 

The  small  incandescent  lamp  is  held  on  a  flexible  or  yielding  support 
which  allows  the  lamp  to  be  pushed  on  one  side,  to  prevent  it  being  broken 
on  meeting  with  a  blow  ;  immediately  this  takes  place  the  circuit  of  the 
current  is  broken,  and  the  lamp  goes  out ;  the  sparking  caused  by  this 


30  DlsruSSIOX— THE  COAD  ELFCTRIO  MFNEE  S  LA:MP. 

and  the  making  contact  takes  place  in  a  sealed  chamber,  into  which  no 
gas  can  enter.  When  any  pressnre  that  pnshes  the  lamp  on  one  side  is 
removed  the  lamp  comes  back  to  its  normal  ]X)sition,  and  is  at  once 
automatically  relighted.  The  lamp  is  farther  protected  by  a  stout  glass 
envelojie  or  cover. 

Fig.  1,  Plate  X.,  is  a  side  view  of  a  three-cells  miner's  lamp. 
Fig.  2  shows  the  incandescent  lamp  pushed  on  one  side  with  the  outer 
glass  envelope  broken ;  in  this  position  the  incandescent  lamp  is  extin- 
guished. Fig.  3  shows  a  four-cell  lamp,  fitted  with  a  powerful  deflecting 
search-light  or  lantern,  capable  of  throwing  a  focussed  light  of  over  fifty 
candle-power  to  a  distance  of  many  yards.  This  lamp  can  be  detached 
(Fig.  4)  from  the  battery  and  held  in  the  hand  for  searching  purposes,  to 
obviate  the  necessity  of  turning  or  of  holding  the  battery  in  inconvenient 
positions.  Fig.  5  is  a  sectional  view  of  the  battery,  showing  the  insertion 
of  a  zinc  plate.  This  plate  is  supported  o  i  the  projections  A,  one  side  of 
which  rests  upon  tlie  platinum  contact-points  B,  thereby  completing  the 
connexion  of  the  zinc  with  the  carbon. 

The  weight  of  the  lamp  shown  in  Fig.  1,  when  fully  charged,  is  4  lbs. 
2  ozs.,  and  that  of  the  lamp  shown  in  Fig.  3,  5  lbs.  6  ozs. 

One  charge  of  10  ounces  of  the  improved  bichromate-of-potash  fluid 
will  give  ten  hours'  light. 

The  consumption  of  zinc  is :  for  the  three-cell  lamp,  |  ounce  per  ten 
hours  ;  and  for  the  four-cell,  1  ounce  for  the  same  time. 


Mr.  G.  B.  FoESTER  asked  if  there  was  any  apparatus  connected  with 
the  lamp  to  indicate  the  presence  of  gas .' 

Mr.  CoAD  (the  inventor  of  the  lamp)  said  there  was  not ;  he  had 
not  thought  there  was  any  necessity  for  it.  Could  not  a  man  smell 
the  gas  ? 

Mr.  FoRSTER — Perhaps,  but  not  in  time  to  prevent  suffocation. 

Mr.  ^\.  C.  Blackett  asked  if  the  makers  of  the  lamp  were  prepared 
to  maintain  it  at  the  cost  named,  of  Id.  per  candle-power  per  10  hours? 

Mr.  CoAD  said  they  did  not  undertake  this,  it  could  be  a  matter  for 
arrangement. 

Mr.  Blackett  also  asked  if  the  fluid  could  be  bought  in  the  open 
market  ? 
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Mr.  CoAD  said  that  arrangements  could  be  made  for  colliery  owners  to 
m-ike  their  own. 

Mr.  Blackett — Free  of  royalty  ? 

Mr.  Goad  could  not  say  that. 

The  President  proposed  a  vote  of  thanks  to  Mr.  White  for  bringing 
this  electric  lamp  before  their  notice ;  it  was  very  interesting  and  might 
be  found  very  useful. 

The  motion  was  agreed  to. 

Mr.  "White  acknowledged  the  vote  of  thanks  and  said  he  had  found 
the  lamp  very  useful. 


Mr.  J.  H.  Merivale's  paper  on  "  The  Education  of  Mining 
Engineers"*  and  Mr.  Bryan  Donkin's  paper  on  "Steam  Boilers  with 
Forced  Blast  :  the  Ferret  System  for  Burning  Dust  and  Rejected  Fuels ; 
with  Notes  on  Testing  Boilers"  were  taken  as  read,  and  the  meeting 
closed. 

*   This  paper  will  be  published  as  an  Appendix  to  the  present  volume  of  the 
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STEAM  BOILERS  WITH  FORCED  BLAST:  THE  FERRET 
SYSTEM  FOR  BURNING  DUST  AND  REJECTED  FUELS; 
WITH  NOTES  ON  TESTING  BOILERS. 


By  BRYAN  DONKIN,  Jux.,  M.I.C.E. 


Introduction. 

In  working  modern  steam  boilers  economically,  the  question  is,  not  so 
much  to  burn  any  large  coal  obtainable  in  the  market,  as  to  consume,  if 
possible,  what  cannot  be  burnt  in  the  ordinary  way.  In  other  words,  to 
o-o  direct  to  the  pit's  mouth,  or  other  centres,  not  to  purchase  good  coal, 
but  to  find  out  and  endeavour  to  use  the  refuse  heaps  that  are  often 
accumulating  there,  the  cost  of  wliich,  of  course,  is  much  less. 

Any  invention  tending  to  promote  the  use  of  small  or  dust  coal, 
coke,  etc.,  is  deserving  the  attention  of  steam  and  heat  consumers, 
especially  in  colliery  districts.  Heat  should  be  bought  in  the  cheapest 
form  and  utilized  in  the  best  way  for  the  production  of  steam. 

A  boiler  is  simply  a  heat  apparatus  to  evaporate  water  under  pressure 
by  means  of  some  kind  of  fuel.  The  object  should  l)e  to  evaporate 
the  maximum  weight  of  water  per  hour  at  the  minimum  cost  of  fuel. 
The  products  of  combustion  should  not  be  allowed  to  escape  too  hot. 

The  best  standard  of  comparison,  as  will  be  seen  later  on,  is  the  cost 
of  the  fuel  consumed  per  1,000  gallons  of  water  converted  into  steam. 
In  this  way  boiler  results  can  be  readily  compared  in  the  same  or  different 
districts.  The  temperature  of  the  water  evaporated  should  be  given, 
and  also  the  pressure  of  the  steam. 

There  is  now  a  demand  for  furnaces  to  burn  economically  all  kinds  of 
refuse  fuels,  hard  dust  coke  from  coke-ovens,  coke  dust  from  gas-works, 
anthracite,  washings  of  coal-mines,  screenings,  etc.  Many  grates  are  at 
work  that  will  burn  even  house  refuse  from  dust-bins,  etc. 

Use  of  Forced  Blast. 

It  is  impossible  to  burn  those  classes  of  fuels,  which  are  in  the 
form  of  dust,  thoroughly,  without  mo^  d  more  heat.     In  the 

ordinary  grates  the  quantity  of  air  ad  ^  the  grate  is  limited  by  the 
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pull  of  the  chimney  of  say  J,  ^,  up  to  |  inch  of  water.  The  maximum 
vacuum  the  author  lias  found  in  a  very  high  chimney  is  about  f  inch  of 
water. 

Hence  the  necessity  for  supplying  large  quantities  of  air  under  a  small 
pressure  to  the  furnaces.  The  easiest  way  of  doing  this  is  by  means  of  a 
small  fen  placed  near  the  boiler,  forcing  the  required  volume  of  air  into 
the  furnace  under  a  water-pressure  of  about  5  to  |  inch.  Provision  must 
also  be  made  for  cooling  the  bars,  to  prevent  the  clinker  adhering  and  the 
bars  from  getting  hot,  so  that  they  may  last  several  years.  Of  course,  if 
a  chimney  exists,  the  vacuum  or  pull  produced  can  be  utilized  as  well 
as  the  air  pressure  under  the  bars.  If  a  chimney  has  to  be  constructed, 
one  of  smaller  height  and  much  less  cost  than  usual  is  sufficient  with  this 
system. 

To  ascertain,  if  required,  whether  too  much  or  too  little  air  is 
introduced,  the  gases  of  combustion  should  be  analysed  by  means  of  a 
very  simple  apparatus. 

It  should  be  remembered  that  forced  chimney  draught  has  been  used 
for  more  than  half  a  century  in  locomotives,  the  exhaust  steam  from  the 
cylinders  escaping  up  the  chimney  causing  a  considerable  vacuum  in  the 
chimney,  the  tubes,  and  the  fire-box.  In  some  locomotive  experiments, 
made  recently  by  the  author,  where  the  water  and  coals  were  carefully 
measured  during  a  run  of  100  miles,  the  vacuum  in  the  chimney  with 
14  coaches  going  uphill  was  found,  by  the  water-gauge,  to  be  about  2^ 
inches.    On  the  level  it  was  about  1  inch. 

In  modern  marine  practice,  forced  blast  and  forced  draught  have 
not  been  many  years  in  use,  but  they  are  now  very  generally  employed  in 
tubular  marine  boilers  either  with  or  without  closed  stokeholes.  The 
pressure  varies  from  1  to  ;>  inches,  and  is  produced  by  fans. 

In  agricultural  engines,  as  in  locomotives,  a  vacuum  is  produced  by 
the  usual  blast  in  the  chimney,  by  means  of  exhaust  steam. 

The  Perret  Syste:\[  applied  to  Land  Boilers. 

This  system  was  invented  by  the  celebrated  chemist  and  scientist,  ^Ir. 
Michel  Perret  of  Paris.  His  name  is  well-known  in  France  as  the  inventor 
of  several  very  ingenious  kinds  of  furnaces  for  heating  buildings,  etc.,  and 
his  arrangement  can  be  applied  practically  to  all  kinds  of  steam  boilers, 
either  new  or  old. 

Figs.  1,  2,  5,  and  C),  Plate  XL,  show  the  Perret  grate  as  applied  to 
the  Lancashire  boiler.  It  will  be  seen  that  the  bars  K  are  much  thinner 
and  deeper  than  is  usual  in   ordinary  grates,  and  present  much  larger 
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cooling-surfaces.  On  an  average  each  bar  is  about  f  inch  thick  at  the 
coal-line,  f  inch  thick  at  the  water-line,  and  about  2  feet  long.  The 
bars  are  placed  very  near  together,  being  only  about  y^  i"ch  apart,  and 
are  9  inches  deep. 

Under  the  grate  there  is  a  shallow,  cast-iron,  open  tank  or  trough  D, 
which  is  always  kept  automatically  full  of  water,  by  means  of  a  ball 
cock  A.  Into  this  taidc,  as  will  be  seen  in  the  figures,  all  the  bars  dip,  so 
that  they  are  immersed  from  2^  to  3  inches  at  their  lower  extremities. 
For  this  reason  the  Perret  furnace  is  often  called  a  "  water-cased  grate." 
The  bars  are  kept  much  cooler  than  usual  by  their  being  constantly  in 
water.  The  temperature  of  the  water  is  generally  about  110  degs.  Fahr., 
and  the  evaporation  from  each  trough  about  1  gallon  per  hour.  The 
vertical  currents  of  air  between  the  bars  at  atmospheric  temperature 
also  tend  to  cool  them,  as  well  as  to  prevent  the  dust  from  falling 
into  the  tank;  the  tank  can  easily  be  cleaned  out  every  two  or  three 
weeks,  through  a  special  door  Gr.  One  advantage  of  this  system  is  that 
the  bars  are  kept  cool,  and  therefore  the  clinker  does  not  adhere  to  them, 
as  with  ordinary  bars.  If  the  burning  coals  are  removed  from  the  bars, 
the  bars  can  be  touched  by  the  fingers  without  danger.  The  clinker  can, 
without  any  effort  on  the  part  of  the  attendant,  be  lifted  and  removed. 
For  this  reason  these  cast-iron  bars  last  long  and  do  not  lose  their  shape 
in  four  or  five  years. 

The  temperature  of  the  furnace  is  somewhat  higher  with  forced  blast 
than  without ;  there  is  also  better  combustion,  as  the  analyses  of  the 
chimney  gases  show,  with  the  production  of  very  little  or  no  carbonic 
oxide  gas.  Another  advantage  is  that  a  small  quantity  of  the  water  from 
the  open  top  of  the  tank,  in  which  the  bars  are  immersed,  is  continually 
evaporated.  The  moisture  thus  given  off  has  been  shown  lately  by  ex- 
periments to  assist  combustion,  and  to  diminish  the  quantity  of  clinker, 
as  well  as  the  smoke. 

Figs.  5  and  G  show  where  the  air  enters  by  pipes  E  to  each  grate. 
The  whole  of  the  lower  part  of  the  grate,  between  the  water-line  in  the 
trough  and  the  coal-line  on  the  top  of  the  bars,  is  under  pressure. 

These  furnaces  are  suitable  for,  and  have  been  added  to,  all  tyjies  of 
steam  boilers,  both  with  internal  and  external  fires,  burning  all  kinds  of 
small  and  dust  fuels.  In  factories  and  mills  where  there  are  many 
boilers,  one  boiler  is  sometimes  fitted  with  this  grate  for  consuming  all 
the  refuse  and  ashes  coming  from  the  other  boilers. 

The  weight  of  fuel  that  can  be  burnt  per  square  foot  of  grate  per  hour 
varies  of  course  much,  according  to  circumstances,  but  10  to  20  lbs.  is  the 
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usual  consumption.  As  much,  however,  as  30  to  35  lbs.  have  been  burnt 
per  hour  per  square  foot.  i\Iore  even  can  be  burnt,  l)ut  this  generally 
means  waste  of  heat. 

Figs.  3,  4,  7,  8,  9,  and  10,  Plate  XL,  show  applications  of  this  system 
to  egg-ended,  tubulous,  and  locomotive  type  boilers. 

The  economy  obtained  in  practice  by  the  adoption  of  the  Perret  forced- 
blast  grate,  as  compared  with  the  ordinary  system,  is  generally  about  50 
per  cent,  in  the  annual  coal  bills,  as  much  cheaper  fuels  can  be  burned, 
but  it  varies  from  30  per  cent,  to  GO  per  cent.  In  London  the  economy 
is  often  50  per  cent.,  at  collieries  about  40  to  50  per  cent.  ;  it,  however, 
depends,  as  in  other  places,  upon  the  price  of  the  dust  fuel,  as  compared 
with  that  used  previously.    In  France  it  ahnost  always  halves  the  coal  bills. 

With  this  system,  if  more  steam  is  required  for  a  short  time  it  can  be 
obtained.  Generally  boilers  with  the  Perret  grates  can  be  made  to  burn 
more  fuel  and  evaporate  more  water  than  with  ordinary  grates,  but  this 
depends  on  the  quality  of  fuel.  The  blast  can  be  regulated  to  suit  the 
varying  quantities  of  steam  required  during  different  times  of  the  work- 
ing day.  With  high  or  low  class  fuels  it  is  not  recommended  to  force 
boilers,  as  this  means  waste  of  heat  and  uneconomical  working,  unless 
large  economizers  are  used  to  reduce  the  temperature  of  gases  by  putting 
some  of  this  heat  into  the  feed-water. 

The  bat's  are  practically  the  only  parts  of  the  apparatus  subject  to 
wear,  and  these  generally  last  four  or  ti\e  years. 

The  boiler  Hues  in  all  boilers  should  be  large  so  as  to  be  readily  cleaned. 
The  brickwork  should  l)e  good,  and  with  an  air  space  to  diminish  radia- 
tion. Fronts  of  steam  Itoilers  should  always  be  covered  to  keep  the  boiler 
at  as  uniform  a  temperature  as  possible  and  to  reduce  the  waste  of  heat. 

On  the  Measurement  of  Feed-water  to  Steam  Boilers. 

To  ascertain  really  what  a  boiler  is  doing,  it  is  essential  to  know  the 
quantity  of  water  evaporated  per  hour  for  a  given  weight  of  fuel  consumed. 
This  is  the  only  practical  method  of  finding  out  the  work  done  with  a 
given  quantity  of  combustible  burnt  or  heat  given  oft' ;  this  heat  is  taken 
up  by  a  known  area  of  heating  surface  exposed  to  the  flames,  and  hot  gases. 

There  is  a  great  difficulty  in  getting  mill  owners,  engineers,  and  others 
to  measure  their  feed-water,  and  yet  this  is  as  easily  done  as  measming 
gas  by  meters.  In  collieries  and  large  factories,  with  10,  20,  or  30  boilers, 
there  is  seldom  a  meter  fixed  even  to  one  boiler.  There  are  in  England 
some  100  to  150  boilers  provided  with  meters  known  to  the  author. 
He   recommends   that   one   boiler   at   least  should   be  an  experimental 
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one,  to  tiiid  out  evaporative  facts,  and  that  it  should  he  provided  with 
means  of  measuring  the  feed-water,  doing  of  course  its  usual  work  at  the 
same  time. 

There  are  now  many  good  serviceable  water-meters  that  will  register 
the  feed-water,  as  it  passes  into  a  boiler  from  a  feed-pump,  within  2  or  3 
Ijer  cent,  of  the  actual  quantity.  The  author  has  had  a  good  deal  of 
experience  with  different  \vater-meters,  and  has  tested  many  by  means  of 
gauged  tanks.  They  should  be  lined  with  brass,  and  have  brass  piston  rings. 
The  piston  type  of  water-meter  is  generally  the  best  and  most  reliable. 

A  careful  daily  and  weekly  record  of  the  weight  of  fuel  burnt  and  the 
quantity  of  water  evaporated  always  conduces  to  economy,  as  it  enables 
comparisons  to  be  made  of  different  fuels,  stoking,  etc.  A  form 
recommended  for  this  purpose  is  added.     (See  Appendix  D.) 

When  all  the  water  is  used  for  power,  the  meter  of  course  gives  the 
consumption  of  the  steam  to  the  enghie  or  engines,  an  important  point  to 
determine.  At  the  Bermondsey  works  such  a  daily  record  has  been  kept 
for  seven  or  eight  years,  and  at  many  other  factories  the  same  is  done. 

The  author  considers  that  boiler  owners  and  engineers  should  ask 
themselves  the  following  questions,  and  make  arrangements  to  solve  all  or 
most  of  them  : — 

1.  What  is  the  heating  value  of  the  fuel  burnt  ? 

2.  What  is  the  evaporative  power  of  the  boiler  used,  having  a  given 

heating  and  grate-surface  ? 

3.  What  is  the  value  of  the  economizer  or  feed-water  heater  ? 

4.  What  is  the  rate  of  evaporation  and  combustion  per  square  fool 

of  heating  and  grate-surface  ? 

5.  AYhat  is  the  best  method  of  stoking  and  test  thickness  of  fires  ? 

6.  AVhat  is  the  temperature  of  the  gases  escaping  up  the  chimney 

and  wasted  ? 

7.  What  is  the  cost  of  the  fuel  used  for  the  evaporation  of  1,000 

gallons  of  water  per  hour  ? 

8.  What  draught  is  the  chimney  giving  ? 

How  few  can  answer  these  and  other  questions  even  apin-oximately  I 
The  number  of  ^Dounds  of  steam  produced  for  each  pound  of  fuel  should 
be  known,  or  in  other  Avords,  how  much  water  is  forced  into  the  boiler  by 
the  feed-pump,  to  replace  that  evaporated  into  steam.  A  good  plan,  and 
one  practised  in  France,  is  to  give  the  stoker  a  pecuniary  interest  in  the 
saving  of  fuel  or  in  the  evajiorative  I'esults.  Owners  will  soon  recoup 
themselves  for  the  cost  of  the  meter,  etc.,  by  the  economy  obtained. 

In  one  large  mill  in  Belgium  the  owner  pays  the  coal  merchants,  not 
by  the  number  of  tons  of  coal  delivered  and  burnt,  but  by  the  number  of 
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tons  of  water  evaporated  or  steam  made,  so  that  the  coal  merchants  are 
directly  interested  in  sending  him  a  clean,  good,  economical  coal,  with  the 
smallest  percentage  of  incombustible  matter.  This  plan  works  well  and 
seems  an  excellent  one. 

The  meter  should  not  be  placed  on  the  suction  of  the  feed-pump,  but 
on  the  delivery  pipe  between  the  pump  and  the  boiler,  and  it  should  be 
provided  with  a  bye-piss  for  the  water. 

Some  thousands  of  meters  are  used  in  France,  Germany,  and  Switzer- 
land, both  on  sea  and  on  land,  for  measuring  feed-water. 

Let  us  take  a  given  district,  say  London  or  Newcastle,  and  let  us 
suppose  that  it  is  desirable  to  compare  the  economic  results  of  various 
fuels,  and  to  have  a  practical  standard  of  comparison  for  different  boilers, 
fuels,  and  stokers,  etc.  This  is  the  more  important,  as  there  are  so  many 
different  classes  of  boilers  in  use,  evaporating  water  with  very  different 
priced  fuels,  with  different  pressures  of  steam  and  different  stokers,  either 
mechanical  or  manual. 

The  cost  of  fuel  per  ton  varies  in  Tiondon  from  5s.  to  24s.,  or  in  the 
proportion  of  nearly  5  to  1.  In  addition  to  this,  the  evaporation  varies 
from  5  to  10  lbs.  of  water  per  lb.  of  fuel,  or  in  the  proportion  of  2  to  1. 

To  compare  these  results,  some  standard  should  be  fixed,  combining 
the  cost  of  fuel  with  its  evaporative  efficiency,  or  steam-producing  power  of 
the  boiler.  The  best  unit  of  comparison  is,  in  the  author's  opinion,  the 
cost  of  fuel  for  evaporating  1,000  gallons  of  water  per  hour  at  a  certain 
temperature.  In  this  way  a  boiler  burning  so  many  tons  of  coal,  and 
evaporating  so  many  thousands  of  gallons  of  water,  can  be  compared  with 
another  boiler  having  a  different  evaporative  power  and  supplied  with  a 
different  fuel. 

As  steam  boilers  are  required  for  evaporating  water,  the  question  is 
how  to  do  it  at  the  most  economical  rate.  This  can  only  be  done  by 
using  a  fuel  giving  the  best  evaporation  at  the  price,  which  may  be 
determined  by  some  such  method  as  here  described.  Three  examples  are 
now  given  to  make  the  matter  clearer. 


^^»""                     Kind  of  Fuel 
ment 

Cost  per  Ton. 

Water  Evaporated 

per  lb.  of  Fuel  by 

Experiment. 

Cost  of  Fuel  per 

1,000  Gals.  Water 

Evaporated. 

A          Dust  coke  on  Ferret  grate 

B          Dust  Welsh  coal  on  Ferret 
grate     

C          Ordinary  large  Welsh  coal 
on  ordinary  grate 

.5s. 
lOs. 
22s. 

Pounds, 
6 

9 

3s.  8d. 

5s.  2d. 

lOs.  lid. 
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The  above  are  all  actual  experimental  results  at  the  Simie  steam 
pressure. 

It  will  he  seen  that  B  is  less  than  half  the  cost  of  C  per  1,000  gallons 
of  water  evaporated,  and  A  is  consideral)ly  less  than  B. 

The  cost  of  using  these  three  very  diflferent  classes  of  fuels  with  the 
same  boiler  and  the  same  stoker  is  thus  in  the  projwrtion  of  the  numbers 
22,  31,  and  65.  Using  dust  "Welsh  coal  in  lieu  of  large  "Welsh  coal  will 
be  seen  to  halve  the  coal  bills  for  the  same  quantity  of  steam  generated 
or  water  evaporated. 

On  the  Belgian  State  railways,  a  proportion  of  all  the  coal  supplied  by 
the  contractors  is  always  tested  under  fixed  locomotive  boilers,  and  with 
the  pressure  of  steam  used  on  the  railways.  The  coal  is  refused  unless  it 
passes  the  evaporative  test  of  so  many  lbs.  of  water  per  U).  It  is  also 
rejected  if  the  percentage  of  dirt  or  incombustible  matter  is  above  the 
limits  defined.     The  same  chimney  blast  is  used  as  ou  the  railways. 

The  author  has  assisted  at  one  of  these  official  tests,  which  are  very 
Avell  and  carefully  carried  out  by  capable  experts.  He  believes  the  same 
system  is  in  force  for  the  coal  purchased  by  contract  for  the  German 
Imperial  Xavy.     In  England  we  are  too  careless  in  these  matters. 

^lany  of  the  boiler  associations,  both  in  England  and  on  the  Continent, 
are  continually  doing  excellent  work  in  making  and  pubUshing  accurate 
boiler  tests  in  which  the  water,  coal,  clinker,  etc.,  are  all  carefully  weighed, 
and  various  other  additional  details  are  given.  The  gases  of  combustion 
are  analysed,  and  their  temperature  noted,  both  before  and  aftt-r  passing 
the  economizer. 

If  coal  users  are  buying  an  ordinary  coal,  they  often  pay  Is.  to  2s.  per 
ton  for  useless  incombustil)le  matter.  The  weight  of  ash  and  clinker 
in  fuels  varies,  as  a  rule,  from  o  to  20  per  cent.,  and  yet  how  seldom 
is  the  amount  determined  or  thought  of.  It  should  certainly  be  measured 
now  and  then,  and  regularly  if  possible,  as  a  check.  Shrewd  business 
men,  if  they  know  it,  are  not  in  the  hal)it  of  paying  Is.  to  2s.  per  ton  for 
useless  dirt. 

The  trials  made  by  Mr.  Michael  Lougridge,  of  ^lanchester,  are 
especially  valuable,  and  his  interestmg  annual  reports  are  year  by  ye.ir 
more  complete.  Ten  years  ago  nothing  so  comprehensive  was  undertaken. 
He  is  doing  good  work  in  calling  attention  to  the  great  waste  of  money 
in  heat  and  fuel  continually  going  on.  The  Association  Alsacienne  des 
Proprietaires  d'Appareils  a  Vai)eur  at  ^lulhouse  have  also  published  boiler 
tests  annually,  in  the  same  systematic  manner,  for  the  past  thirty  years.  To 
make  and  work  out  ex^Deriments  properly  requires  a  great  deal  of  time,  and  is 
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fatiguing,  and  continuous  observations  made  every  10  or  15  minutes  for  12 
hours  are  no  light  task  even  to  young  men.  Those  who  have  superintended 
them  know  the  careful  preparation  needed  to  draw  out  the  different  work- 
ing sheets  for  the  detailed  observations,  giving  orders  to  each  of  the 
numerous  assistants,  checking  the  instruments,  etc.  Then  there  is 
the  actual  trial,  lasting  say  from  G  a.m.  to  6  p.m.  without  leaving  the  hot 
and  dirty  boiler-house,  etc.  After  this,  the  other  half  of  the  work  has  to 
be  done,  i.e.,  the  results  must  be  all  worked  out,  checked,  tabulated, 
and  the  report  made. 

Experimental  Boiler  Results  with  Perret  Furnaces. 

Appendix  A  contains  an  accurate  test  made  by  Prof.  Kennedy,  F.R.S., 
and  the  author,  on  a  Lancashire  boiler  at  the  Bermondsey  works.  It 
will  be  seen  that  besides  all  the  details,  a  heat  balance-sheet  has  been  made 
out,  accounting  for  nearly  the  whole  of  the  heat  given  to  the  boiler. 

The  expression,  "pure  and  dry  coal,"  is  used  in  these  experiments;  it 
means  that  the  weight  of  clinker,  ash,  and  moisture  in  the  coal  has  been 
deducted. 

Appendix  B  records  various  evaporative  results  from  twenty-eight 
different  kinds  of  fuels,  from  a  number  of  experiments  at  the  Bermondsey 
works  on  a  Lancashire  boiler.  It  will  be  noticed  that  the  weight  of  water 
evaporated  per  lb.  of  fuel  varies  from  -2  lbs.  to  10  lbs.,  and  the  percentage 
of  incombustible  matter  from  2\  to  36  per  cent.  This  shows  the  im- 
portance of  considering  the  latter  factor  carefully  in  all  boiler  tests. 

Appendix  C  is  a  summary  of  results  with  dust  coal  from  the  Moss  Hall 
colliery,  made  in  August,  1892. 

The  Burning  of  House-refuse. 

As  the  question  of  burning  ash-bin  and  other  refuse  is  being  much 
discussed  at  the  present  time,  it  may  be  well  to  add  a  few  words  on  the 
suitability  of  Perret  furnaces  to  burn  such  refuse.  In  London  and  many 
other  towns  refuse  is  simply  burnt  to  destroy  it  on  sanitary  grounds,  but 
without  utilizing  at  the  same  time  the  heat  of  combustion.  It  is  often 
desirable  to  burn  refuse,  and  utilize  the  heat  under  steam  boilers  for  the 
production  of  steam,  etc. 

Municipal  and  town  authorities  often  require  power  for  various  pur- 
poses which  in  many  cases  could  be  utilized  for  the  production  of  electric 
Ught  by  means  of  steam  engines 
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Several  of  toe  Perret  furnaces  are  placed  under  steam  boilers  burning 
house  refuse.  Some  are  at  work  in  the  borough  of  Warrington,  under 
the  direction  of  Mr.  Longdin,  the  engineer,  where  the  refuse  is  completely 
consumed  without  being  screened.  The  arrangement  (Figs.  11  and  12, 
Plate  XII.)  is  worked  in  connexion  with  the  Manlove  and  Alliott 
destructor,  and  seems  to  answer  perfectly.  Of  course,  the  object  in 
burning  refuse  should  be  not  only  to  destroy  it,  but  to  utilize  the  hot 
gases.  At  Warrington,  the  refuse  is  burnt  without  producing  a  nuisance, 
and  the  cUnker  formed  is  about  one-sixth  of  the  total  weight.  The 
grates  are  considerably  inclined  to  assist  in  getting  the  refuse  into,  and 
the  clinker  out  of,  the  furnaces  The  large  quantity  of  clinker  made  is 
utilized  in  various  ways,  foundations  for  paving,  etc.  The  steam  is  used 
in  connexion  with  a  system  of  concentrating  sewerage,  and  for  driving 
steam  engines. 

At  Shrewsbury  gas  works  a  Perret  furnace  burns,  from  time  to  time, 
house-refuse.  In  many  cases  house-refuse  could  be  burnt  with  an  addition 
of  lu  or  15  i^er  cent,  of  dust,  coal,  or  coke,  and  smaller  boilers  would  be 
suflficient. 

]\Ir.  Watson,  in  a  recent  interesting  paper  read  before  the  British 
Association,  mentions  several  classes  of  house-refuse  destructoi-s.  He 
speaks  of  ash-bin  refuse  being  burnt  under  a  boiler  at  Oldham,  where  he 
measured  accurately  the  quantity  of  water  evaporated  into  steam,  etc., 
and  found  the  temparature  of  the  furnace  to  vary  between  1,650  degs. 
Fahr.  and  2,350  degs.  Fahr. 


APPENDIX  A. 

EXPEEIMEXTS    WITH     THE     PeBRET      GBATE.      BUKNING      WeLSH     COAL-DUST. 

WITH   Forced    Draught,  at  the  Engineering  Works  of   Messrs. 
Bryan  Donkin  &  Co.,  Limited,  Bermondsey,  S.E. 

The  boiler  was  of  the  Lancashire  type,  7  feet  diameter,  21  feet  long,  having  two 
internal  tubes,  2  feet  9  inches  diameter,  with  three  conical  water-tubes  in  each. 
The  fire-grates  were  each  1  foot  10^  inches  wide,  and  i  feet  long  ;  together  equal  to 
1.5  square  feet.     The  forced  blast  was  supplied  by  a  small  fan. 

The  fuel  used  was  the  dust  from  the  Nixon  Navigation  0^'elsh)  coal  of  the 
following  analysis : — Carbon,  88-58  per  cent.  ;  hydrogen,  i-10  per  cent. ;  sulphur, 
0-66  per  cent.  ;  nitrogen.  1-00  per  cent. ;  oxygen,  2-76  per  cent.  ;  and  ash,  2-yO  per 
cent.  The  heating  power  of  the  pure  and  dry  coal  as  determined  by  a  calorimeter 
was  1.5,955  thermal  units,  equal  to  an  evaporation  of  lfi-.5  lbs.  of  water  from  and  at 
212  degs.  Fahr.  per  lb.  of  coal. 

The  average  cost  of  evaporating  1,000  gallons  of  water  witli  dust  Welsh  coal, 
costing  8s.  per  ton  delivered,  is  4s.  od.,  including  lighting  and  banking  up. 
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Steam — 

Pressure  of  steam  by  a  continuous  self- 
recording  gauge 

Gases — 

Temperature    of    issuing     gases     by 

mercurial  thermometer 
Amount  of  draiight  in   chimney    by 

water-gauge 

Air — 

Pressure  of  air  below  firebars 
Quantity  of  air  theoretically  required 

for  perfect  combustion  of  1  lb.  of  coal 
Quantity  of  air  used  per  unit  of  coal 

burnt,  or  lbs.  of  air  per  lb.  of  coal 
Lbs.  of  air  used  to  lbs.  theoretically 

required 
Temperature  of  air  entering  grate  ... 
Temperature  of  air  outside  boiler-house 
Temperature  of  air  insitle  boiler-house 

Hours — 

Duration  of  trial  :  continuous 

Fuel- 
Total    fuel    used,    including    ashes, 

clinkers,  and  moisture 
Incombustibles  of  total  fuel  (ashes, 

clinkers,  &c.) 
Fuel  burnt  per  hour    ... 
Fuel  burnt  per  square  foot  of  fire- 
grate per  hour 
Fuel  burnt  per  square  foot  of  heating 

surface  per  hour 
Moisture  in  coal  on  day  of  experiment 

Gases — 

Analysis  of  gases  leaving  boiler 
taken  continuously,  percent- 
ages by  weight 

Writer — 

Initial  temperature  of  feed-water    ... 

Total  quantity  of  water  evaporated 
during  experiments  ;  measured  by 
tank    ... 

Water  evaporated  per  hour   ... 

Water  evaporated  per  hour  per  square 
foot  of  heated  surface  from  tem- 
perature of  feed-water 

Water  evaporated  per  lb,  of  fuel  from 
initial  tempeiature  of  feed-water... 

Water  evaporated  per  lb.  of  fuel  from 
and  at  212  degs.  Fahr 


January  14,  ]887. 
50  lbs.  per  sq.  in. 

399  degs.  Fahr. 
0"3.5  in.  of  water 

0"10  in.  of  water 

11-7  lbs. 

2.1-0  lbs. 

2-2  to  1 
(3o'.5  degs.  Fahr. 
34-8  degs.  Fahr. 
68*o  degs.  Fahr. 

9  hours. 

1,387  lbs. 

7  per  cent. 
1.54  lbs. 

10-2  lbs. 

0-29  lb. 
5-5  per  cent. 

12*46  per  cent. 

0-00 
10-89 
73-61 

3-04 

48-6  degs.  Fahr. 


11,497  lbs. 
1,277    ., 


July  20,  1883 
57  lbs.  per  sq.  in. 

630  degs.  Fahr. 
0*40  in.  of  water 

0*20  in.  of  water 

11-7  lbs. 

16-0  lbs. 

1-37  to  1 
69  degs.  Fahr. 
64  degs.  Fahr. 
76  degs.  Fahr. 

12  hours. 

3,332  lbs. 

3'8  per  cent. 
278  lbs. 

18-5  lbs. 

0-48  lb. 
4-2  per  cent. 

17'35  per  cent. 
0-23 
7-16         „ 

70-15 
5-11 

71  degs,  Fahr. 


28,427  lbs. 
2,366    „ 


2-4  „ 
8-3  ., 
9-9     . 


4-06    „ 

8-52    „ 

10-01   „ 
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Balance  Sheets  of  Thermal  Units,  per  Lb.  of  Pure  and  Dry  Welsh 

Coal-dust. 


Exjieriment  of  January  14,  1887. 


heat  evolved. 


Heating  power  of  1  lb.  of  coaL 
pure  aud  dry,  as  determined 
by  a  calorimeter 


Thtrmal 
Units. 


15,955 


HEAT  absorbed,  ETC. 

Per- 
centages. 

68'7     in  feed-water  evaporated 

Thermal 
Units. 

10,959 

16-4 

In  issuing  gases 

2,623 

6-7 

Radiation           

778 

0-7 

Heat  in  ashes,  clinkers, 
and  fuel  drawn  from 

grate 

117 

7-5 

Unaccounted  for 

1,478 

Total 


HEAT  EVOLVED 


15,955 


100-0 


Total 


Experiment  of  July  20,  1888. 

HEAT  ABSORBED,  ETC. 


Heating  power  of  1  lb.  of  coal, 
pure  and  dry  as  determined 
by  a  calorimeter 


'lotal 


15,955 


Thermal 
Units. 

Per- 
centages. 

Thermal 
Units. 

65-9 

In  feed-water  evaporated 

10,530 

23-3 

In  issuing  gases ... 

3,7  JO 

15,955 

5-1 

Radiation           

812 

1-2 

Lost  by  incomplete  com- 

bustion          

186 

4-5 

100-0 

Unaccounted  for 

Total 

717 

15,955 

15,955 

It  will  be  seen  that  these  two  experiments  differ  considerably  in  the  rate  of  fuel 
burnt  per  square  foot  of  grate  aud  rate  of  water  evaporated  per  square  foot  of  heat- 
ing surface,  the  same  Welsh  coal-dust  being  used  in  both. 
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Twenty-eight  Evaporative  Results  Obtained 
WITH  various  Fuels,  with  Feed-water 

Description  of  Fuel. 

Best  AVelsh  coal  (small),  Nixou  Navigation 
Cheshire  coal,  OitcI  Co. 
Ordinary  Welsh  dust 

„  „  Murrel's 

Welsh  house  slack       

„      smudge  ... 
Newcastle  large  coal  ... 

„          Wallsend  dust 
Chesterton  Colliery,  small     .. 
Nottingham,  small 
Vron  colliery,  small    ... 
Babbingtou  colliery,  smudge 
Ijeicester,  small  


BY  the  Perret  Furnaces 
at  80  Degs.  Fahr. 


Lbs.  of  Water 
Evaporated 
per  lb.  of  Fuel. 

Percentage 

nf  Clinker  and 

Ash. 

9  to  10 

2-4 

8-7 

2-4 

7-9 

3-9 

7-8 

7-5 

6-76 

7-5 

6-5 

..       23-7 

7-6 

4-5 

7-26 

5-3 

6-97 

..       10-66 

6-5 

12-9 

6-4 

9-4 

6-3 

8-6 

5-7 

8-6 

STEAM   BOILEES   WITH    FORCED   BLAST. 


48 


Description  of  Fuel. 

Welsh,  anthracite  peas 
Clay  Cross,  small 
Welsh,  anthracite  dust 
Irish,  anthracite  culm 
Ordinary  coke  ... 
Best  coke  breeze 
Ordinary  breeze  (London) 
Dust  breeze 

Pan  breeze  from  under  retort  furnaces 
Refuse  breeze  from  ironworks 
Cinders  from  Tunbridge 
Pyrites  coal-waste  from  South  Wales 
Cocoanut  shells 
House-refuse,  (not  sorted),  from  Warrington 
,,      Chelsea     ... 


Lbs.  of  Water 

Evaporated 

per  lb.  of  Fuel. 

Percentage 
of  Clinker  and 

Ash. 

7-28 

5-3 

6-5 

.       10-0 

6-35 

6-2 

4-37 

.       19-5 

6-85 

11-9 

65 

10-0 

5-4 

19-6 

4-4 

32-5 

3-32 

.       28-6 

4-5 

.       17-5 

2-4 

36-0 

3-68 

35-5 

3-3 

— 

2-13 

.       23-5 

2-5 

..       35-3 

APPENDIX  C. 

Summary  op  Experiments  made  at  the  Engineering  Works  of  Messrs 
Bryan  Donkin  &  Co.,  Limited,  Bermondsey,  S.E. 

The  experiments  were  made  on  a  Lancashire  boiler  fitted  with  Perret  furnaces 
the  heating  surface  was  582  square  feet ;  the  grate-surface  was  24*72  square  feet ; 
the  average  pressure  of  air  under  the  firebars  was  ^  inch ;  the  fires  were  from 
5  inches  to  9  inches  thick ;  the  steam  pressure  varied  from  55  to  59  lbs.  per  square 
inch ;  the  mean  temperature  of  the  feed-water  was  67  degs.  Fahr. ;  the  feed-water 
was  measured  in  a  graduated  tank;  and  the  fires  were  clinkered  twice  during  each 
experiment. 
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Hours. 

Per  Cent. 

Per  Cent, 

Lbs, 

Lbs. 

Lbs. 

1 

Dust  coal  alone 

n 

Very  smoky 

H 

12  50 

3,136 

18,200 

5-80 

6-80 

2 

Do. 

H 

Do. 

6t 

11-82 

— 

— 

5-86 

6-90 

3 

i  dust  coal  and 
§     unscreened 
gas  coke  breeze 

9i 

— 



16-66 

— 

— 

5-30 

6-25 

4 

1  dust  coal  and 
4     unscreened 
gas  coke  breeze 

n 

15-17 

5-10 

6-00 
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No. 


APPENDIX  D. 
Steam  Boilers. — Daily  Return  of  Fuel  and  Water,  Etc. 
Boilers  at for  week  ending 


Date. 

Boiler. 

Fuel. 

Feed-water. 

1 

18 
MoDth. 

Date. 

Number  of 

Hours  under 

Steam. 

£ 

3 

la 

u  o 

> 

< 

bo 

'3 

r 

Lbs. 

< 

fa- 
g's 
2 

Per 
Cent. 

s 

li 

3 

Lbs. 

SO 

s  c 

O  3 

=•1 



Monday 

S 
o 

u 

To 

11 

Lbs. 

Lbs. 

DegB. 

Hoars 

Tuesday 

Wednesday  ... 

Thursday 

Friday 

Saturday 

Totals      ... 

Remarks. — Give  date  whenever  boiler  is  cleaned  or  inspected,  also  when  flues 

are  cleaned. 

Kind  of  fuel Name  of  stoker  this  week  

Temperature  of  gases,  if  taken Average  cost  of  fuel  per  ton,  deliyered 

Number  of  times  boiler  blown  off into  boiler-house    

Damper  generally open       Cost   of  fuel  per  week   

Lbs.  of  water  evaporated  per  lb.  of  fuel  Cost  of  fuel   per   1,000  gallons  evapor- 

(including     lighting     and     banking  ated 

•ip)    Inches  by  gauge  glass ins.  =  lbs. 

Signed  and  checked  by 
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NOTES  ON  THE  OCCURREXCE  OF  MANGANESE  ORE  NEAR 
THE  ARENIGS,  MERIONETHSHIRE. 

By  EDWARD  HALSE,  A.R.S.M. 


Mr.  Edward  Halse  communicated  the  following  addendum  to  his 
Notes* : — 

The  following  is  a  complete  analysis,  by  Messrs.  Johnson,  Matthey, 
&  Co.,  of  a  specimen  of  manganese  ore  from  the  principal  vein  in  the 
district  (Plate  LXI.,  Fig.  4):— 


No.  4. 

Per  Cent. 

Peroxide  of  manganese 
Protoxide  of  manganese 
Oxide  of  iron 

55-3  1 
12-3  ^   " 
7-2 

=  48  metallic  ma 

Oxide  of  coba'  t      *     

1-4 

Alumina          

6-8 

Magnesia         

0-4 

Lime  and  barj'tos      

..     traces 

Sulphur           

Phosphoric  acid 

Silica  and  insoluble  matter 

0-1 

01  ■= 
10-0 

•043  phosphorus. 

Combined  water 

5-8 

Loss      

0-6 
100-0 

The  following  are  partial  analy 

ses  of   ore 

from  some  of  the  other 

veins  : — 

No.  5. 

No.  6. 

No.  7. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Metallic  manganese  ... 

49-13 

48-00 

38-40 

Silica 

2-14 

9-00 

7-92 

Phosphorus      

0-16 

0-.S8 

0-2f) 

The  metallic  manganese  varies  from  38  to  54  per  cent,  (see  page  946), 
the  silica  and  insoluble  matter  from  2  to  10  percent.,  and  the  phosphorus 
from  -043  to  1-608  per  cent. 

*  Trann.  Fed.  Inxt.,  vol.  iii.,  page  940. 
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Since  the  notes  were  written,  a  paper*  by  Mr.  Charles  Vattier  was 
read  before  the  Fi-euch  Society  of  Civil  Engineers.  This  writer  asserts 
that  manganese  ores  occur  in  Chili  in  veins,  traversing  Jurassic  limestone 
and  other  rocks,  varying  in  thickness  from  3^^  to  nearly  10  feet,  as  well  as 
in  seams  and  irregular  masses.  The  author  observes  that  generally,  at  a 
very  slight  depth,  the  quality  and  contents  of  the  ore  are  lowered  appre- 
ciably, the  gangue  becomes  more  quartzose,  red  hydrated  oxide  of  ii'on 
taking  the  place  of  manganese  oxide,  and  in  many  cases,  notwithstanding 
superficial  indications  of  great  richness,  the  ore  diminishes  considerably, 
and  even  disappears  altogether  at  a  depth  of  45|  to  iSf  feet. 

*"LeCkili;  Miueur,  Metallurgique,  Industriel." — Alemoirin  dv  la    Svclete  dcs 
Ingeiiieur  Civih,  series  5,  vol.  xJv,,  pages  37-140. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 

MECHANICAL  ENGINEERS. 

GENERAL    MEETING, 
Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

NOVEMBBE   5th,   1892, 


Mr.  J.  B,  SIMPSON,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meetmsr  were  read  and  confirmed. 


The  Secretary  reported  the  proceedings  of  the  Council,  and  said  that 
the  question  of  lighting  the  Wood  Memorial  Hall  and  lecture-room  by 
electricity  had  been  referred  to  a  committee. 


The    following   gentlemen   were    elected,    having    been    previously 

nominated  : — 

Honorary  Member — 
Prof.  Henry  Stroud,  D.Sc,  Durham  College  of  Science,  Newcastle-upou-Tyne. 

Members — 

Mr.  Alexander  Mathieson,  Colliery  Manager,  Hetton  Colliery,  Carrington, 
near  Newcastle,  New  South  Wales. 

Mr.  Clayton  E.  J.  Mitchell,  Civil  Engineer,  27,  Mosley  Street,  Newcastle- 
upon-Tyne. 

Mr.  James  Newton,  Colliery  Manager,  Whitehaven  Colliery,  Whitehaven. 

Mr.  George  Oldham,  Engineer,  25,  Western  Hill,  Durham. 

Mr.  T.  A.  Tate,  Colliery  Manager,  Bunker  Hill,  Fence  Houses. 

Associate  Members — 

Mr.  George  Blaxland  Atkinson,  Timber  Merchant,  Maritime  Buildings, 
Quay,  Newcastle-upou-Tyne. 

Mr.  J.  P.  COENETT,  Managing  Director,  Ford  Paper  Works,  Hylton,  Sunder- 
land. 

Mr.  Arthur  Patrick  Dodds,  Iron  Merchant,  13,  Dean  Street,  Newcastle- 
upon-Tyne. 

Mr.  Claude  Bowes  Palmer,  Assistant  Colliery  Manager,  Usworth  Colliery, 
Washington,  R.S.O. 

Associates — 
Mr.  Thomas  Berry,  Overman,  Bagnall's  Houses,  Swalwell,  R.S.O. 
Mr.  Robert  Carr,  Under  Manager,  Usworth  Colliery,  Washington,  R.S.O. 
Mr.  William  Severs,  Under  Manager,  Beamish  View,  via  Chester-le-Street. 

VOL.  XLII.-1892-93.  ^ 
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Students — 
Mr.  William  Heijey  Mascall,   Mining  Student,  27,  South  Church  Lane 

Bishop  Auckland. 
Mr.  George  Wall,  Mining  Student,  South  Church,  Bishop  Auckland. 


The  following  gentlemen  were  nominated  for  election: — 

Members — 

Mr.  A.  D.  Dixox-Brown,  Electrical  Engineer,  27,  Mosley  Street,  Newcastle- 
upon-Tyne. 

Mr.  P.  S.  Reid,  Mining  Engineer,  20,  John  Street,  Adelphi,  London,  W.C. 

Mr.  Cedeic  Vaughax,  Managing  Director,  Hodbarrow  Iron  Ore  Mines, 
MiUom,  Cumberland. 

Associate  Member — 
Mr.  Alfred   Allhttsen,   Managing  Director,  Newcastle  Chemical  Works, 
Musgrave  House,  Gateshead-upon-Tyne. 

Associates— 

Mr.  John  Buglass,  Colliery  Manager,  Stobswood  Colliery,  Acklington, 
Northumberland. 

Mr.  Frank  Howes,  Under  Manager,  Singareni  Colliery,  Hyderabad,  Deccan, 
India. 

Mr.  Christopher  Huxter,  Engineer,  Broomhill  Colliery,  Acklington,  North- 
umberland. 

Mr.  SiMOX  Pedelty,  Engineer,  Clara  Vale,  Ryton-upon-Tyne. 

Mr.  JoHX  Gladstone  Ramsay,  Deputy,  Page  Bank  Colliery,  Willington, 
Co.  Durham. 


DISCUSSION  UPON  MR.  W.  COCHRAXE'S  PAPER  "  ON  A 

DUPLEX  ARRANGEMENT  OF  CENTRIFUGAL 

VENTILATING   MACHINES."* 

Mr.  Cochrane  said  he  had  nothing  to  add  to  his  paper,  but  he 
thought  it  was  understood,  when  the  discussion  on  it  was  adjourned,  that 
Mr  "Wallau  would  submit  a  communication  on  the  subject. 

Mr.  Thos.  Bell  asked  if  there  was  a  Capell  fan  working  at  any 
neighbouring  coUiery  with  the  exception  of  that  at  East  Howie  ? 

Mr.  M.  Walton  Brown  thought  not. 

ilr.  Cochrane  said  that  there  were  some  large  Capell  fans  working 
in  Germany. 

'My.  M.  Walton  Bkown  said  that  the  report  of  the  Prussian  Fire- 
damp Commission  showed  that  ventDatiug  fans  in  Germany  rarely  gave 
more  than  18  per  cent,  of  useful  effect.  Prof.  Bedson  was  translating 
this  report  for  the  Institute,  and  it  would  shortly  be  published. 

*  Trans.  Fed.  Inst.,  vol.  ii.,  page  483, 
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Mr.  Cochrane  said  high  results  were  claimed  for  the  Capell  fan. 
Of  course  a  good  deal  depended  on  the  conditions  of  the  experiments ;  he 
understood  that  fan  was  dealing  with  volumes  of  100,000  to  250,000  cubic 
feet  of  air  per  minute  under  6  inches  of  water-gauge. 

Mr.  A.  L.  Steavenson  said  the  inventors  of  fans  were  apt  to  deceive 
themselves,  and  each  one  got  more  wonderful  results  than  another.  He 
recently  went  to  Sheffield  to  assist  in  taking  the  measurements  of  the 
air  and  water-gauge  in  testing  a  fan,  bat  he  was  certain  that  the  measure- 
ments of  air  were  too  large,  and  consequently  the  results  could  not  be 
accepted  as  correct. 

DISCUSSION  UPOX  MR.  R.  S.  WILLIAMSON'S  PAPER  ON 
"THE  CHANDLER  FAN,"  AND  MR.  M.  WALTON 
BROWN'S  PAPER  ON  "THE  RATEAU  VENTILATOR."* 

Mr.  M.  Walton  Brown  said  the  results  of  the  experiments  recorded 
in  these  papers  on  the  Chandler  and  Rateau  ventilators  emphasized  the 
importance  of  the  trials  being  made  with  eveiy  precaution  to  obtain 
accuracy  under  similar  conditions.  The  efficiency  of  the  Chandler  fans 
varied  from  "57  to  '70,  and  there  were  no  means  of  accounting  for  this 
material  difference.  The  experiments  on  the  Rateau  fan  were  made  by 
Mr.  de  Castelnau.  One  did  not  like  to  say  they  were  altogether  wrong, 
but  as  the  mechanical  efficiency  varied  from  "46  to  "72,  it  proved  that  the 
mode  adopted  of  measuring  the  air  at  the  top  of  the  expanding  chimney 
was  not  satisfactory. 

Mr.  Cochrane  enquired  whether  Mr.  Brown  thought  that  the  Rateau 
ventilator  was  as  efficient  a  machine  as  the  other  ventilators  with  which 
he  was  acquainted  ? 

Mr.  M.  Walton  Brown  replied  that  he  brought  the  experiments  upon 
the  Rateau  fan  before  the  members  of  the  Institute  as  being  made  on  a 
fan  for  which  a  high  efficiency  was  claimed,  but  he  did  not  think  it  was 
more  efficient  than  others  of  similar  dimensions. 

Mr.  R.  S.  Williamson  wi-ote  in  reply  to  Mr.  Walton  Brown's  remarks 
upon  the  different  efficiencies  of  the  two  Chandler  fans  that  he  experi- 
mented upon,  that  both  fans  were  of  the  open-running  type.  The 
horizontal  engine  of  13  inches  diameter  and  26  inches  stroke  was  suitable 
for  30  indicated  horse-power,  and,  with  this  load,  would  absorb  at  least 
10  per  cent,  of  the  power  in  friction ;  including  the  belt  the  10  feet  fan 
absorbed  21*13  indicated  horse-power,  and  the  6|  feet  fan  15-17  indicated 
horse-power,  consequently,  therefore,  the  engine  and  belt  friction  at  this 

*  Tran.%  Fed.  T/i.tf.,  vol.  iii.,  page  171  and  page  -110. 
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light  load  was  about  20  per  cent.  The  mean  effective  pressure  in  the 
cylinder  when  the  engine  was  indicating  21 -13  horse-power  was  only  11'5 
lbs.  par  square  inch,  and  it  is  clear  from  this  fact,  that  the  engine  could 
not  run  with  less  than  15  per  cent,  of  frictional  resistance  when  indicating 
21-13  horse-power,  therefore,  when  indicating  15*17  horse-power  the 
frictional  resistance  could  not  be  less  than  20  per  cent. ;  and  both  fans 
would  give  much  higher  efficiencies,  with  smaller  engines,  working  at 
their  full  power.  It  is  an  established  fact  that  engines  work  with  the 
same  frictional  resistance  with  either  heavy  or  light  loads,  and  that  the 
friction  does  not  increase  with  the  load.  The  friction  of  engines  is  prac- 
tically constant  at  all  reasonable  loads,  which  accounts  for  part  of  the 
loss  of  efficiency  in  the  small  fan,  say  to  the  extent  of  5  per  cent.  Further, 
the  small  fan  bad  not  such  well-fonned  blades  as  the  10  feet  fan.  The 
space  of  brickwork  round  the  blades  was  not  so  large,  and  the  air  did  not 
pass  away  so  freely,  Avhich  would  account  for  a  further  decrease  of  efficiency 
in  the  small  fan.  The  fans  still  continued  to  afford  entire  satisfaction, 
and  had  not  cost  a  single  penny  for  repairs  since  starting.  The  inventor 
had,  since  the  reading  of  the  writer's  paper,  made  several  larger  fans, 
which  have  given  great  satisfaction. 


DISCUSSION  ON  MR.  M.  WALTON  BROWN'S  PAPER  ON  "  THE 
KONIG  DIFFERENTIAL  WATER-GAUGE."* 
Mr.  M.  Waltox  Brown'  exhibited  a  Konig  water-gauge  coupled  with 
an  ordinary  type  of  water-gauge.  He  had  been  able  to  try  the  Konig  water- 
gauge  on  a  fan  drift  in  comparison  with  an  ordinary  water-gauge.  The 
great  advantage  of  the  Konig  water-gauge,  in  addition  to  its  giving  an 
exaggerated  scale  of  say  9  to  1,  was  the  fact  the  readings  were  more 
easily  taken,  owing  to  the  comparative  steadiness  of  the  fluid,  as  com- 
pared with  the  fluctuations  in  the  levels  of  the  water  in  an  ordinary 
gauge,  and  this  allowed  of  much  more  than  nine-fold  accuracy  in  the 
readings. 


DISCUSSION  UPON  MR.  W.  N.  ATKINSON'S  PAPER  ON  "THE 
REPORT  OF  THE  AUSTRIAN  FIRE-DAMP  COMMISSION."! 

The  Secretary  read  several  portions  of  the  paper  to  which  the 
author  desired  to  draw  especial  attention. 

Mr.  Thos.  Bell  (H.M.  Inspector  of  Mines,  Durham)  said  that  the 
quantity  of  air  per  person  recommended  by  the  Austrian  Commission  was 

*  Trails.  Fed.  Imt.,  vol.  iii.,  page  452.  f  Jbid.,  vol.  iii.,  page  531. 
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far  below  the  quantities  employed  in  this  country.  In  Durham — in  the 
coal-mines  of  his  district — the  annual  returns  for  the  past  year  showed 
that  there  was  on  average  34:7  cubic  feet  of  air  per  minute  circulating  in 
these  mines  per  person  employed  underground ;  and  420  cubic  feet  per 
minute  in  the  Cleveland  ironstone  mines.  These  figures  did  not,  however, 
take  into  account  the  number  of  horses  and  ponies  employed,  but  allowing 
for  these,  the  ventilation  of  the  mines  in  his  district  was  very  far  in  excess 
of  the  recommendations  of  the  Austrian  Commission. 

The  Pkesident  said  the  figures  given  in  the  paper  (70  cubic  feet 
where  Uttle  fire-damp  was  produced,  105  cubic  feet  for  the  second  class 
where  there  was  a  moderate  araoant,  and  1-10  cubic  feet  in  the  third  class) 
were  only  recommendations ;  the  actual  state  of  things  was  possibly  worse. 

Mr.  M.  Walton  Brown  thought  the  recommendations  were  made  in 
order  to  provide  against  the  use  of  an  excessive  volume  of  air  on  account 
of  the  alleged  dangers  which  might  arise  from  the  action  of  larger  volumes 
of  air  in  drying  coal-dust. 

Mr.  Simon  Tate  said  there  was  a  reference  in  the  paper  to  the  fact  that 
20  per  cent,  more  air  was  found  in  the  returns  than  in  the  intakes.  Was 
that  due  to  the  expansion  of  the  air  in  the  mine  or  to  the  addition  of  gas  ? 

The  President  thought  it  would  be  unnecessary  to  bring  the  paper 
before  another  meeting.  It  was  a  record  of  the  work  of  the  Austrian 
Commission,  and  it  would  not  be  necessary  to  discuss  it  farther. 


DISCUSSION  UPON  MR.  W.  HY.  CHAMBERS'  PAPER  ON 
"  THE  PUMPING  APPLIANCES  USED  IN  THE  SINKING 
OPERATIONS  AT  THE  CADEBY  NEW  WINNING."* 

Mr.  A.  L.  Steavenson  thought  that  the  simpler  they  could  have 
everything  for  use  in  sinking  pits  the  better  it  would  be.  His  impression 
was  that  they  could  have  nothing  simpler  under  usual  circumstances  than 
the  old  system  of  horizontal  engine  with  quadi'ants. 

The  President  agreed  with  Mr.  Steavenson.  He  had  had  the  discom- 
fort recently  of  dealing  with  2,000  gallons  of  water  per  minute  at  a  depth 
of  50  fathoms  ;  and  he  had  been  able  to  overcome  this  feeder  with  a  24 
inches  set  of  pumps  worked  by  bell  cranks.  There  would  scarcely  have 
been  room  in  the  shaft  to  have  dealt  with  this  quantity  of  water  by 
Mr.  Chambers'  system.  The  paper  would  have  been  more  interesting 
and  useful  if  it  had  given  some  account  of  the  cost  of  the  system  de- 
scribed ;  it  was  questionable  whether,  all  things  considered,  the  old  system 
would  not  have  been  cheaper  and  more  eflBcient. 

*  Trans.  Fed.  Inst.,  vol.  iii.,  page  513. 
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Mr.  ^y.  C.  Black KTT  said  no  doubt  portable  steam-pumps  had  been 
successful  in  certain  cases,  where  all  the  pipes  and  even  the  pump  itself 
came  in  for  other  purposes  afterwards. 

Mr.  T.  E.  FoRSTER  said  he  thought  Mr.  Chambers'  principal  reason 
for  adoj)ting  the  system  described  was  the  extreme  badness  of  the  ground ; 
he  dared  not  place  a  heavy  engine  on  the  top. 

Mr.  W.  CoCHRAX  Caur  wrote  that  he  had  been  usmg  a  Denaby  sinking 
pump  with  a  steam  cylinder  of  22  inches  diameter  and  36  inches  stroke, 
with  a  double-actmg  ram  of  13  inches  diameter.  He  regretted  that  this 
pump  had  not  been  working  long  enough  to  give  a  definite  opinion  about  it, 
but  so  far  it  had  worked  satisfactorily,  and  was  the  best  direct-acting  pump 
of  its  sort  he  had  seen.  The  following  were  its  strong  points  in  his  opinion: 
— (1)  It  occupied  little  room  in  the  shaft,  and  had  the  clacks,  steam- 
chest,  pipes,  etc.,  so  placed  that  when  suspended  it  hung  quite  plumb;  (2) 
it  had  large  valve  area,  which  enabled  it  to  make  a  greater  number  of  strokes 
per  minute  with  less  vibration  than  other  pumj)S  of  the  same  stroke  ;  (3) 
in  case  of  necessity  it  would  work  with  the  cylinder  submerged  to  a  depth 
of  several  feet,  even  when  exhausting  direct  into  the  water  ;  (4)  the  general 
arrangements  of  the  steam-chest  and  valves  were  satisfactory,  there  being 
no  position  which  the  piston  could  occupy  in  which  it  would  not  start, 
even  if  under  such  circumstances  as  described  in  the  third  remark ;  (5) 
the  first  joint  next  to  the  pump  for  water  and  steam  was  expansive,  and 
allowed  for  any  movement  and  prevented  the  breakage  of  piix.'S,  which 
bethought  had  always  been  a  difficulty  with  other  pumps  of  similar  kinds  ; 
and  lastly  the  Denaby  pump  did  not  take  as  much  steam  as  an  Evans  pump 
which  was  used  in  the  same  shaft,  although  the  former  was  an  inch  larger 
in  diameter  of  cylinder,  the  stroke  being  the  same  in  each.  He  regretted 
that  he  had  not  had  more  exj)erience  with  it,  so  as  to  give  details  as  to 
the  quantity  of  water  actually  pumped,  and  to  compare  its  work  with  the 
Evans  pump  working  in  the  same  shaft. 

]\Ir.  ^Y.  Hy.  CHAiLBERS,  in  reply,  wrote  that  he  concurred  with  Mr. 
Steavenson's  opinion  that  the  more  simple  everything  could  be  made  for 
use  in  sinking  pits  the  better  it  would  be.  Having  had  extensive 
experience  of  direct-acting  pumps  and  also  of  the  old  system  of  pumping 
with  horizontal  engines,  working  quadrants,  the  comparison  in  his 
opinion  was  very  largely  in  favour  of  the  more  recent  system,  which 
was  accompanied  with  marked  simplicity.  He  did  not  stand  alone  in 
this  opinion,  as,  since  its  introduction  at  Cadeby,  the  method  had  been 
adopted  very  extensively  in  preference  to  the  old-fashioned  system,  and 
there  are  now,  to  the  writer's  knowledge,  no  less  than  nine  different 
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kinds  of  pumps  on  this  principle,  or  as  near  as  can  be  Tvitliont  infring- 
ing on  the  patent  rights  of  IMessrs.  Bailey  &  Co.      The  first  ones  of 
the  same  style  were  made  by  Messrs.  Evans,  of  Wolverhampton,  for 
the  Griff  Colliery,  after  Mr,  E,  Bainbridge  and  Mr.  Melly  endeavoured 
to  make  terms  with  the  Denaby  Company  for  hiring  the  pumps  which 
were  then  done  with.     Mr.  Melly  wrote  an  article  some  time  ago  to  the 
Colliery  Guardian  expressing  his  perfect  satisfaction  with  the  principle 
adopted ;  and  with  one  or  two  exceptions  this  had  generally  been  the  case 
wherever  the  system  was  tried.     With  regard  to  ]\Ir,  Simpson's  remarks, 
stating  that  he  had  no  difficulty  in  dealing  with  2,000  gallons  of  water 
per  minute  at  a  depth  of  50  fathoms  with  a  24  inches  set  of  pumps,  and 
that  there  would  scarcely  have  been  room  in  the  shaft  to  have  dealt  with 
this  water  by  the  newer  system ;  the  fact  was  that  four  times  that  amount 
of  water  was  elevated  from  a  depth  of  GO  fathoms  by  that  system,  and  any 
one  would  have  understood  the  position  if  four  24  inches  sets  of  pumps 
had  to  be  worked  in  a  16  feet  sinking  shaft,  and  the  impossibility  of 
putting  in  tubbing  while  they  were  working.     With  regard  to  the  cost  of 
the  system  described,  the  whole  of  the  machinery,  including  pumps  and 
pipes,  was  sold  at  a  discount  of  not  more  than  10  per  cent.     This  loss  and 
the  cost  of  replacing  breakages  was  under  £1,000.     The  labour  employed 
in  working  the  pumps  was  a  fitter  at  6s.,  a  boy  at  2s.  6d.,  and  the  man  at 
the  capstan-engine  at  4s.  per  shift.     The  banksmen  assisted  the  fitters  to 
build  up  pipes  on  the  top  as  required,  when  the  pumps  were  lowered,  and 
this  entailed  no  extra  cost.     ]\Ir,  T.  E.  Forster's  surmise  was  quite  correct, 
that  the  principal  reason  for  adopting  the  system  described  was  the  unfit- 
ness of  the  ground  to  carry  heavy  weights,  necessitating  the  striking  out 
a  new  line  to  cope  with  the  difficulty.     The  writer  could  only  say,  after 
experience  of  both  methods,  that  if  any  similar  work  be  entrusted  to  his 
direction,  and  were  the  ground  to  be  as  bad  as  in  this  instance,  or  good 
enough  to  enable  heavy  lifts  to  be  used,  he  would  never  of  his  own  free 
will  resort  to  such  a  costly,  clumsy,  and  dangerous  system  as  the  placing 
of  such  tremendous  weights  of  useless  metal,  as  necessitated  by  the  old- 
fiishioned,  and  soon  to  be  obsolete,  system  of  lifting  water  in  sinking  pits 
by  means  of  spear-rods  and  buckets,  \\ith  its  heavy  train  of   strong 
gearing,  engine,  and  powerful  capstans,  which  were  almost  invariably 
consigned  to  the  scrap  heap,  and  sold  as  old  iron  on  the  completion  of 
the  work. 

There  being  no  further  remarks  offered,  the  meetinc:  terminated. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Mejiobial  Hall,  Newcastle-upox-Tyxe, 

Decembeb   10th,  1892. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  previous  General  Meeting, 
and  reported  the  proceedings  of  the  Council.  The  agreement  with  the 
North-Eastern  Railway  Company  as  to  the  use  of  the  passage  adjoining 
the  lectm-e-theatre  had  been  sealed.  AiTangements  were  being  made  for 
the  electric-lighting  of  the  Wood  Memorial  Hall  and  the  lecture- 
theatre,  etc. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

Members — 

Mr.  A.  D.  Dixon-Brown,  Electrical  Engineer,  27,  Mosley  Street,  Newcastle- 
upon-Tyne. 

Mr.  P.  S.  Reid,  Mining  Engineer,  20,  John  Street,  Adelphi,  London,  W.C. 

Mr.  Cedbic  YAroHAN,  Managing  Director,  Hodbarrow  Iron  Ore  Mines, 
Millom,  Cumberland. 

Associate  Member — 
Mr.  Alfred  Allhusen,   Managing  Director,  Newcastle  Chemical  Works, 
Musgrave  House,  Gateshead-upon-Tyne. 

Associates— 

Mr.  John  Buglass,  Colliery  Manager,  Stobswood  CoUiery,  Acklington,  Nor- 
thumberland. 

Mr.  Frank  Howes,  Under  Manager,  Singareni  CoUiery,  Hyderabad,  Deccan, 
India. 

Mr.  Christopher  Hunter,  Engineer,  BroomhiU  Colliery,  Acklington, 
Northumberland. 

Mr.  Simon  Pedeltt,  Engineer,  Clara  Yale,  Ryton-upon-Tyne. 

Mr.  John  Gladstone  Ramsay,  Deputy,  Page  Bank  CoUiery,  WiUington, 
Co.  Durham. 
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The  following  gentlemen  were  nominated  for  election : — 

Members — 

Mr.  Thomas  Alexander  Allan,  Consulting  Mining  Engineer,  Brightlands, 

Richmond  Hill,  Surrey. 
Mr.  Thomas  Breakell,  Mining  Engineer,  92,  Denmark  Road,  Greenheys, 

Manchester. 
Mr.  Wallace  Thornetcroft,  Mining  Engineer,  6,  Dixon  Street,  Glasgow. 
Mr.  Henry  Thomas  Wales,  Mining  Engineer,  Pontypridd,  South  Wales. 

Associate  Members — 

Mr.  James  Ernest  Blenkiron,  Mining  Engineer,  West  House,  Arkengarth- 
dale,  Richmond,  Yorkshire. 

Mr.  J.  Cartmel  Ridley,  Steel  Manufacturer,  3,  Summerhill  Grove,  New- 
castle-upon-Tyne. 

Associate— 
Mr.  John  Spry,  Surveyor,  Murton  Colliery,  via  Sunderland. 


CONFERENCE  OF  DELEGATES  OF  COEEESPONDING 
SOCIETIES  OF  THE  BRITISH  ASSOCIATION  FOR  THE 
ADVANCEMENT  OF  SCIENCE,  EDINBURGH,  1892. 

The  report  of  the  proceedings  of  the  Corresponding  Societies  Com- 
mittee of  the  British  Association  was  read,  and  the  report  of  Prof.  J.  H. 
Merivale,  the  delegate  of  this  Institute,  as  follows  : — 

Newcastle-upon-Tyne, 

August  22nd,  1892. 

To  the  President  and  Council  of  the  North  of  England  Institute. 

Dear  Sirs, 

I  attended  the  two  meetings  of  the  Delegates  of  Corresponding  Societies,  held  at 
Edinburgh  on  the  4th  and  9th  inst.  There  was  a  good  muster,  but  there  was  very 
little  on  the  agenda-paper  of  special  interest  to  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers.  I  had  hoped  to  have  been  able  to  have  brought 
before  the  meeting  some  report  of  the  experiments  of  the  Institute  on  Flameless 
Explosives,  but  the  Durham  strike  has  unfortunately  prevented  this. 

The  Earth-tremors'  Committee  have  examined  a  large  number  of  recording 
instruments,  and  a  very  simple  form,  designed  by  Professor  G.  Darwin,  consisting 
essentially  of  a  pendulum  with  double-suspension  mirror  is  recommended  pro- 
visionally. Professor  Darwin  has  offered  to  lend  and  set  up  one  of  these  instruments, 
and  the  Secretary  of  the  Committee  (Mr.  Davison,  an  old  student  of  the  Durham 
College  of  Science)  has  agreed  to  look  after  it  and  observe  its  ways  and  manners  at 
Birmingham  during  the  ensuing  year.     If  it  answers  the  purpose,  the  Committee 
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will  be  in  a  position  to  finally  recommend  it  in  their  report  at  the  next  meeting  of 
the  British  Association  at  Nottingham.  When  this  is  done,  a  plan  for  a  network 
of  observing  stations  over  the  country  may  be  elaborated. 

The  Underground  Temperature  Committee  reported  the  observations  made  in  an 
exceedingly  dry  borehole  in  America  :  vrhere  the  rise  of  temperature  was  found  to 
be  1  deg.  Fahr.  per  86  feet,  a  slower  rise  than  usual.  The  borehole  was  one  made  by 
the  American  system,  which  brought  up  no  core ;  an  accurate  section  therefore  could 
not  be  obtained,  a  matter  of  some  importance  in  this  connexion.  The  boring  was  to  be 
continued  to  a  depth  of  6,000  feet  for  scientific  purposes,  and  would  then,  I  believe,  be 
the  deepest  borehole  in  the  world. 

Yours  faithfully, 

JoHX  H.  Meeivale. 


INTERNATIONAL  ENGINEERING  CONGRESS,  CHICAGO. 

A  letter  was  read  from  the  General  Committee  of  the  Engineering 
Congress,  inviting  the  members  of  the  Institute  to  attend  the  Congress, 
which  will  hold  its  session  from  July  31st  to  August  5th,  1893,  inclusive. 


The  Rev.  G.  M.  Capell  then  read  the  following  "  Observations  on 
Fans  of  Diiferent  Types  working  on  the  same  Upcast  Shaft." 
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OBSERVATIONS    ON    FANS    OF    DIFFERENT    TYPES 
WORKING  ON  THE  SAME  UPCAST  SHAFT. 


By  the  Eev.  G.  M.  CAPELL. 


In  1884,  when  testing  various  types  of  fans,  the  writer  was  able  to 
make  a  test  of  a  Capell  fan  and  a  Guibal  fan  working  under  similar  con- 
ditions on  the  same  fan  drift.  The  Capell  fan  was  5  feet  in  diameter,  while 
the  Guibal  fan  was  16  feet,  but  the  results  were  not  sufficiently  clear  to 
arrive  at  any  definite  conclusions. 

One  point  was  prominent,  and  this  was  recorded  at  the  time,  viz.,  that 
there  was  a  different  water-gauge  in  the  Guibal  fan  when  passing  the  same 
volume  of  air  as  the  small  Capell  fan.  Unfortunately  the  arrangement 
was  removed,  rendering  further  experiments  impossible  ;  but  the  writer 
made  further  tests  on  small  fans,  and  found  the  same  variation  in  a  less 
marked  degree. 

There  are  now  many  Capell  fans  working  on  collieries,  replacing 
large  Guibal  fans,  and  other  types ;  and  the  observations  of  others  on 
some  of  the  principal  of  these  fans  may  be  now  usefully  recorded. 

The  point  of  the  early  tests  at  Homer  Hill  colliery  comes  out  very 
clearly,  and  the  lower  gauge,  for  a  given  work  in  air,  shows  itself  where- 
ever  the  Capell  fan  has  replaced  a  Guibal  fan.  There  is  only  one  case  of 
a  Capell  fan  and  of  a  Schiele  fan  on  the  same  shaft,  and  the  difference  in 
gauge  has  been  fully  noted  in  Mr.  Maurice  Deacon's  account  of  his  obser- 
vations on  a  Capell  fan  and  a  Schiele  fan  working  under  similar  condi- 
tions, at  Shirland  colliery,  where  the  Capell  fan  showed  the  same  low 
gauge  for  a  given  volume  of  air.* 

The  new  type  of  Capell  fan  differs  entirely  from  anything  in  use 
before,  consisting  of  two  distinct  fans  built  up  into  one,  so  that  the  air  of 

*  Trans.  Fed.  Inst.,  vol.  i.,  page  287. 
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the  first  is  discharged  into  the  second,  its  vis  viva  being  destroyed  by 
expansion  into  the  larger  area,  under  greater  water-gauge,  by  reason  of 
the  greater  velocity  in  the  outer  fan.  The  writer  maintains  that  the 
action  of  the  two  machines,  in  dealing  with  air,  is  similar  to  that  of  a 
compound  engine  dealing  with  steam.  The  double  aiTaugement  gets 
more  work  out  of  the  steam.  But  work  in  a  fan  is,  to  a  great  extent,  the 
vis  viva  of  the  au-,  and  if  this  is  used  up  there  is  more  effective  work  got 
out  of  the  Capell  machme ;  just  as  the  slow,  soft  discharge  from  a  com- 
pound engine,  as  compared  with  the  rapid  noisy  discharge  of  a  simple 
hio-h-prespure  engine  tells  us  that  more  work  has  been  taken  out  of  the 
steam.  Prof.  Guibal  got  the  right  idea  in  his  evasee  chimney,  but  if  the 
discharge  of  six  revolving  evasee's  can  be  obtained,  which  is  the  point 
amied  at  in  the  construction  of  the  Capell  fan,  a  still  higher  result  may 
be  expected  than  can  be  had  with  a  fixed  expanding  chimney. 

When  the  writer  is  asked  how  he  can  account  for  the  differences 
shown,  he  answers  that  he  has  noted  that  some  fans  give  more  local  action 
in  gauge  than  others,  i.e.,  have  a  higher  gauge  near  their  inlets,  but  that 
extra  gauge  is  not  effective  at  a  distance  from  the  fan. 

The  writer  remembers  a  case  at  a  colliery  near  Birmingham,  where  a 
small  Schiele  fan,  under  1  inch  of  water-gauge,  produced  21,000  cubic 
feet  of  ah-.  A  large  Guibal  fan  was  put  on,  and  with  1  inch  of  water- 
gauge  gave  about  35,000  cubic  feet  of  air.  On  enquiry  the  writer  found 
that,  whereas  the  small  fan  gave  about  0*50  inch  of  water-gauge  at  the 
bottom  of  the  deep  shaft,  the  large  fan  gave  very  little  less  water-gauge 
than  on  the  surface.  This  fact  points  to  the  possibility  of  a  variation  in 
volume  for  gauge  where  there  is  a  fan  of  large  exhausting  capacity, 
capable  of  throwing  its  gauge  a  long  way  back  into  the  mine. 

The  first  comparative  tests  that  the  writer  will  give  of  a  Capell  fan 
and  Guibal  fan  will  be  those  at  the  Prosper  I  collieries,  near  Borbeck,  in 
Westphalia.  As  the  guaranteed  effect  was  higher  than  had  ever  been 
before  obtained  in  the  history  of  fans,  the  writer  had  special  precautions 
taken  in  the  measurements  of  the  air  passed  by  the  Guibal  fan,  and  as  will 
be  seen,  the  writer  at  once  took  the  guarantee  up.  The  state  of  things  was 
as  follows : — There  was  a  Guibal  fan  40  feet  6|  inches  in  diameter,  and 
8  feet  -i  inches  wide  :  the  volume  of  air  passing  was  59,340  cubic  feet  of  air 
per  minute,  under  a  water-gauge  at  fan  of  3']  5  inches,  and  the  volume  of 
air  required  was  110,490  cubic  feet  per  mijiute.  The  gauge  can  be  easily 
calculated  by  the  square  of  the  volumes — 59,340^  :  116,490-  ::  3*15  : 
12'13  inches  being  the  gauge  required  for  116,490  cubic  feet  of  air  with 
the  Guibal  fan. 
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The  tests  of  the  Capell  fan  at  the  Prosper  I  colliery,  conducted  by 
Mr.  G.  Herbst,  engineer  to  the  Prussian  Fire-damp  Commission,  came  out 
as  follows: — 


Diameter  of  the  Capell  fan 

Ft.    Ins. 
12     6 

Width 

6     0 

Two  inlets,  each 

7     3 

Revolutions  of  engines 

87-5  per  minute 

„            of  fan 

323            „ 

Water-gauge  in  drift         

10-7  inches. 

Cubic  feet  of  air  per  minute 

127,574 

Horse-power  in  air            

214-9 

„            of  engines 

384-6 

Useful  effect            

55-6  per  cent. 

Taking  the  squares  of  the  volumes  from  the  Guibal  fan,  it  is  found 
that  its  water-gauge  for  127,574  cubic  feet  would  have  been  14'5  inches, 
or  3*8  inches  more  than  the  Capell  fan,  or  a  difference  of  78  horse-power 
in  the  air.     The  writer  simply  records  the  figures  as  given  to  him. 

Another  marked  case  was  at  the  Gneisenau  colliery,  near  Dortmund,  also 
in  Germany.  The  Guibal  fan,  40  feet  6|  inches  in  diameter,  with  a  drift 
gauge  of  I'GO  inches,  passed  60,010  cubic  feet  per  minute.  The  writer 
was  asked  to  give  105,900  cubic  feet  per  mmute  at  200  revolutions.  For 
this  purpose  he  designed  a  double-inlet  fan,  11  feet  in  diameter,  7  feet 
wide,  with  two  inlets  each  7  feet  in  diameter.     The  results  came  out  as 

follows : — 

Revolutions  of  fan  per  minute    ...         168 

Water-gauge  in  drift        ...  ...         ...         ...  1-70  inches.* 

Cubic  feet  of  air  per  minute       84,720 

The  results  of  trials  of  the  two  fans,  at  nearly  the  same  water-gauge 
being: — 

Guibal  Fan.  Capell  Fan. 

Water-gauge  ...       TOO  inches  170  inches. 

Volume  ...       60,010  cubic  feet.  84,720  cubic  feet. 

The  gauge  difference  is  obvious. 

At  Shirland  colliery,  the  Schiele  fan  is  5  feet  3  inches  in  diameter,  with 

double  inlets ;  and  the  Capell  fan,  12  feet  6  inches  in  diameter,  with  single 

inlet.     Cajjell  fan,  1  inch  drift  gauge — 60,084  cubic  feet.     Schiele  fan, 

1  inch  drift  gauge — 43,699  cubic  feet.      Capell  fan,  3*25  inches  drift 

gauge — 118,241    cubic  feet.      Taking   the  squares  of  volumes,  to  get 

118,000  feet,  the  Schiele  fan  would   have   required   no  less  than  7*55 

inches  of  water-gauge.     These  figures  are  not  the  results  of  tlie  writer's 

own  observations,  as  he  has  before  stated.f 

*  The  volume  of  air  being  very  large  in  proportion  to  the  fan's  cubic  capacity, 
the  manometric  effect  is  low. 

-j-  Trann.  Fed,  Ind.,  vol.  i.,  page  289. 


Guibal  Fan. 

Capell 

Fan. 

(1) 

(2) 

120 

150 

223 

2-50 

1-75 

4-50 

830 

885 

1,309 

50 

52 

52 

41,500 

40,020 

68,068 
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At  Coalpit  Heath  colliery,  near  Bristol,  there  are  on  the  same  nix;ast 
a  Guibal  fan,  16  feet  in  diameter  and  5  feet  3  inches  wide,  and  a  Capell 
single-inlet  fan,  12  feet  in  diameter,  5  feet  wide,  with  inlet  7  feet  in  diameter 
The  results  came  out  thus : — 

Revolutions  per  minute 

Water-gauge  (inches) 

Mean  air-speed  in  drift  per  minute  (feet) 

Area  of  drift  (square  feet)    ... 

Tolume  per  minute  (cubic  feet) 

The  drifts  were  divided  into  squares  with  wires,  and  the  anemometers 
were  used  for  equal  periods  in  each  square.  The  above  observations  were 
taken  by  Mr.  C  Hewitt  and  the  late  Mr.  G.  Xasmyth,  of  Coalpit  Heath 
colliery. 

The  writer  could  give  many  other  observations  from  German  collieries, 
and  when  the  paper  is  discussed  he  hopes  to  do  so.  All  experiments  show 
the  same  sort  of  VcU'iation  in  gauges  required. 

In  conclusion,  and  for  comparison,  the  writer  gives  the  water-gauge 
of  fan  and  furnace  at  Silverhill  colliery  belonging  to  the  Stanton  Iron 
"Works  Company.* 

The  furnace  water-gauge  taken  below  was  1'40  inches,  and  the  mean 
volume  at  returns  was  110,000  cubic  feet  per  minute. 

The  Capell  fan,  12  feet  6  inches  in  diameter,  with  two  inlets  7  feet  6 
inches  in  diameter,  gave  the  following  results : — 


(1) 

(2) 

Revolutions         

123 

132 

Water-gauge  (bank)      

1-40 

1-50 

„            measured  below,  at  same  place  as 

with  furnace  (inches)            

1-30 

1-40 

Volume  per  minute  at  returns  (cubic  feet)  ... 

110,91 

0 

129,150 

The  shafts  are  each  400  yards  deep  and  15  feet  in  diameter.  Apart 
from  shaft  friction,  the  fan  gets  more  air  than  the  furnace  at  the  same 
water-gauge  below  groimd ;  and  an  equal  quantity  at  the  same  water- 
gauge  in  the  drift,  as  with  the  furnace  water-gauge  below  ground. 

The  writer's  object  is  to  give  merely  the  results  of  his  comparisons, 
and  he  does  not  propose  to  make  any  further  remarks,  but  hopes  to  hear 
what  others  have  to  say  upon  the  subject. 

*  Trans.  Fed.  Itnt.,  vol.  ii.,  page  549. 
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Prof.  A.  S.  Herschel  (Slough)  wrote  that  it  had  hitherto  seemed  to 
be  quite  inexplicable  to  mining  engineers  (and  he  had  been  entirely 
at  a  loss  till  now  for  any — even  weakly  defensible — interpretation  of  the 
remarkable  mode  of  action  observed  in  double-chambered  fans,  of  which 
Mr.  Capell  had  produced  in  his  paper  from  his  experience  with  his  fans, 
so  many  reliable  examples)  that  weaker  drift  water-gauges  are  required 
with  them  than  with  single-chambered  fans,  or  as  compared  with  fur- 
naces, to  produce  the  same  volume  of  air-current  in  one  and  the  same 
mine's  unchanged  conditions  of  resistance.  Although  so  seemingly  im- 
possible to  reconcile  with  the  theory  that  a  thin-plate  orifice's  flow  with 
vena  contracta  is  a  true  equivalent  of  any  such  unvarying  resistance,  and 
that  the  relation  of  air- volume  to  water-gauge  should  therefore  be  as  fixed 
as  in  the  case  of  such  an  orifice,  with  whatever  description  of  fan  the 
water-gauge  is  produced  which  makes  the  cuiTent ;  yet  that  the  contrary 
experiences  from  this  are  not  the  results  of  ill-made  observations,  or 
illusory  determinations,  was  proved  by  the  multiplied  examples  of  such 
abnormal  features  which  the  comparisons  of  difi:'erent  fans,  working  on 
the  same  mine  with  each  other,  had  during  the  last  few  years  brought 
prominently  forward.  The  singularity  in  question  had  indeed  been  for 
some  time  the  theme  of  controversies  among  users  of  ventilating  fans,  ever 
since  the  first  applications  were  made  successfully  on  a  large  scale  to  mine 
ventilation,  of  the  Capell  double-chambered  fan.  At  an  early  period  of 
these  experiments,  in  August  1889,  Mr.  Capell  first  compared  together  a 
Guibal  fan  and  a  Capell  fan  woi-king  on  the  same  mine  beside  each  other, 
at  Coalpit  Heath  colliery,  near  Bristol.  In  that  experiment,  when  a  1 6  feet 
Guibal  and  an  11  feet  enclosed  single-inlet  Capell  fan  were  run  upon  a 
mine  together  at  the  same  speed  (80  revolutions  in  a  minute),  for 
which  it  was  found  that  the  two  fans  working  separately  produced  the 
water-gauge  depressions  in  their  drifts  of  I'lO  inch  and  0*83  inch  respec- 
tively, the  Capell  fan  drew  air  from  the  mine,  in  spite  of  its  low  water- 
gauge,  in  a  measurable  current.  At  88  and  90  revolutions  of  the  Capell 
fan,  while  the  Guibal  fan  contined  to  run  at  80  revolutions,  the  conditions 
of  proportion  in  the  air-draughts  were  reversed,  hardly  any  air-current 
then  passing  through  the  Guibal  fan,  although  the  water-gauge  of  the 
Capell  fan  in  its  drift,  when  working  separately,  only  just  attained  I'OO 
inch  at  90  revolutions.  This  feature  which  the  Capell  fan  was  then 
found  to  show  of  excelling  other  fans  in  lo\yness  of  drift  water-gauge,  for 
a  given  air-volume  on  a  given  mine  resistance,  had  been  so  frequently 
verified  and  confirmed  by  subsequent  comparisons  with  other  fans 
tested  beside   it  on  the  same  mine  resistances,  that  the  well-recorded 
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proofs  of  the  peculiarity  cited  by  ]\Ir.  Capell  in  his  present  paper  are 
only  a  select  few  of  the  most  certain  evidences  which  had  been  very 
plentifully  noted  of  the  fan's  very  singular  and  abnormal-looking  property. 
In  the  first  published  experiments  made  with  the  fan  by  Mr.  D.  K.  Clark, 
in  1881,  it  exhibited,  like  a  Guibal  fan,  nearly  the  full  double-power 
water-gauge  due  to  blade-tip  velocity,  at  its  air  inlet.  Calculating 
the  horse  power  in  the  air  by  the  ordinary  formula,  with  this  water-gauge 
and  volume,  it  was  found  to  exceed  by  many  per  cent,  the  amount  of 
power  used  to  drive  the  fan,  proving  (for  this  is  all  that  can  be  concluded 
positively  from  the  observation)  that  by  a  small  permanent  output  of 
actual  from  latent  energy,  a  considerable  fraction  of  the  air-current 
which  passed  through  the  fan  was  set  flowing  idly,  or  perpetually, 
as  a  companion  stream  to  the  main  current,  rather  than  drawn  along  the 
route  by  mechanical  work  against  mechanical  resistance.  So  far  as  the 
air's  oblique  impact,  or  dash  against  the  fan's  outer  wing-blades,  in 
spouting  from  the  port-holes  of  the  inner  fan-chamber  assists  the  fan- 
body's  revolution,  some  partial  measure  of  the  air's  volume  may,  in  fact, 
be  regarded  as  coursing  through  the  fan  in  an  endless  circulation  of 
closed  stream  lines,  requu'iug  no  mechanical  work  to  maintain  their  self- 
recuperative  motion  ;  for  just  such  streams,  endlessly  enduring  flux  and 
reflux  of  actual  and  potential  energy  of  motion  present  themselves  in 
fluid  vortex-fiilaments  as  a  kind  of  perpetual  orbitation  of  fluid-matter 
rings  round  a  core  or  region  of  relatively  lower  pressure  than  the  encom- 
passing retaining  pressures  prevailing  in  the  surrounding  body  of  the 
fluid  mass.  As  the  growth  of  physical  knowledge  has  swiftly  advanced 
with  great  strides  in  recent  years,  and  as  the  need  of  placing  energy  and 
matter,  in  a  rigid  prosecution  of  all  the  sciences  (and  esj^ecially  in  the 
leading  column  ranks  at  the  van  of  their  advance,  of  the  exact  sciences) 
on  an  objective  level  of  the  study  of  nature  with  each  other  as  the 
universal  mind  and  body  of  nature's  operations,  has  of  late  years  grown  to 
be  strongly  felt  and  very  clearly  recognized,  this  current  flow  of  constant 
freedom  and  of  permanent  deliverance  from  mechanical  propulsion  in  the 
companion  current  through  the  fan,  may  now  easily  be  perceived  to  owe 
its  franked  liberty  of  passage  through  the  fan's  inlet-tube  and  chamber- 
channels  to  a  double,  or  taking-and-return  transaction  of  work  perform- 
ance and  of  work-resumption  between  the  current  and  the  driving-power, 
on  the  two  sets  of  fan-blades  fixed  firmly  to  the  driving  axle ;  which 
compensating  pair  of  work-compounding  actions  ehminates  the  power's 
concernment  with  the  stream-flow,  while  it  therefore  also,  at  the  same  time, 
sets  free  the  idle  current  from  friction's  di-ags  against  the  inlet's  sides 
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and  the  fan-chambers'  wings  and  blades  past  which  it  races,  which  are 
all  confronted  singly  and  collectedly  to  the  driving-power  directly.  The 
consumpt  of  power  by  friction  in  passing  these  obstructions  is  thus 
arrested  undiscernibly  in  the  same  process  with  the  two  transaction- 
dealings  with  the  driving-power  which  are  performed  visibly  and 
observably  in  the  fan's  wing-blades  and  compartments  ;  but  the  neutral- 
ization of  the  friction  must  not  be  expected  to  be  an  intelligible  part  of 
the  two-fold  takiug-and-return  procedure  in  the  same  way  that  two 
independent  steps  can  be  recognized  and  discriminated,  by  which  the 
power  itself  is  plainly  dealt  with  in  the  operation,  because  although  there 
are  thus  means  to  use  power's  dual  shapes  alternately,  for  self -compensation 
and  economy  no  means  are  known  by  which  the  availability  of  driving- 
power  can  be  recovered  from  its  unavoidable  wastes  and  losses  here  and 
there  through  friction.  Although  not  actually  a  recurrent  stream,  in  the 
sense  of  a  whirling  one  with  closed  flux  and  reflux  of  actual  and  potential 
energy  of  circulation  round  a  low-pressure  core  or  vortex-axis,  the  idle- 
coursing  current  has  yet  a  visibly  reciprocating  flux  and  reflux  of  its 
sensible  and  potential  energy  in  its  two-phased  way  of  dealing  with  the 
driving  power  and  at  the  same  time  also  undiscernibly  with  the  friction- 
checks  opposed  to  it,  which  is  just  similar  and  equivalent  in  its  rocking 
or  reciprocating  character  between  one  of  its  two  states  of  energy  and  the 
other,  although  not  in  any  other  resi3ect  identical  in  circumstances  of  its 
nature,  with  a  fluid-vortex  filament  in  continual  orbitation.  There  is  no 
idle-running  companion  air-stream  through  a  Guibal  fan,  or  through  any 
kind  of  single-chamber  fan,  because  these  fans'  constructions  furnish  no 
means  for  a  taking-and-return  transaction  between  such  a  current's 
energies  and  the  driving  power,  on  one  side,  nor,  in  consequence  of  this, 
can  any  part  of  the  air-current  through  such  a  single-chambered  fan 
free  itself  from  frictional  resistance  on  its  route  as  a  description  of 
mechanical  opposition  which,  when  a  fan's  rate  of  revolution  is  uniform 
and  constant,  is  directly  and  collectively  confronted  alone,  or  quite  singly 
and  indivisibly  to  the  driving  power. 

Mr.  T.  A.  Southern  (Derby)  wrote  that  he  was  very  sceptical  of 
the  accuracy  of  the  observations  quoted  in  Mr.  Capell's  paper,  or  at  any 
rate  of  their  sufficiency  as  a  basis  for  accurate  and  fair  comparisons  ; 
nor  did  he  agree  with  the  writer's  conclusions.  He  considered  also  that 
Mr.  Capell's  explanations  of  the  discrepancies  observed,  by  suggesting 
that  fans  (and  the  Capell  fan  in  a  special  degree)  had  a  strange  and 
inexplicable  knack  of  "  throwing  the  water-gauge  a  long  way  back  into 
the  mine,"  was  one  which  conveyed  no  clear  idea,  tended  to  confuse  and 
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mystify  the  issue,  and  had  no  foundation  in  recognized  laws  relating  to 
the  motion  of  an  elastic  fluid,  at  uniform  or  varying  velocities,  in  regular 
or  irregular  passages.  Comparisons  of  ventilating  appliances,  if  they  are 
to  be  of  any  real  value,  must  be  based  upon  the  averages  of  a  long  series 
of  careful  observations,  in  order  to  eliminate  errors  in  the  measurement 
of  quantities,  water-gauges,  speeds,  etc.  In  the  last  comparison  given  by 
Mr.  Capsll,  viz.,  that  between  the  fan  and  furnace  at  Silverhill  colliery, 
he  took  the  mean  volume  of  air  in  the  returns  at  110,000  cubic  feet  per 
minute  for  the  furnace,  but  this  was  not  based  upon  any  experiments,  for 
he  had  shown*  how  these  figures  had  been  obtained,  as  follows  : — 
"  Mr.  J.  A.  Longden,  in  a  letter,  gave  the  average  quantity  of  air  with 
the  furnace  at  1-4  inches  water-gauge,  as  110,000  cubic  feet  per  minute. 
Mr.  J.  C.  B.  Hendy,  in  his  tabulation  (page  549,  vol.  ii.)  in  the  Trans- 
actions of  the  Federated  Institution  of  Mining  Engineers,  relating  to  the 
Capell  fan  at  Silverhill  colliery,  puts  the  average  work  of  the  furnace 
there,  with  the  same  water-gauge,  viz.: — 1-4  inches,  at  122,000  cubic 
feet  per  minute.  But  in  a  special  measurement  with  1"40  inches  of 
water-gauge  of  the  furnace  (thermometer  62  degs.  Fahr.  on  the  surface, 
and  64  degs.  Fahr.  in  the  mine)  he  gave  the  writer  as  results  105,530 
cubic  feet  of  air  per  minute,  measured  in  the  returns.  Therefore  110,000 
feet  may  be  taken  as  the  mean  result  of  the  furnace  ventilation  with 
1*4  inches  of  water-gauge  on  the  doors  below."  Here  is  a  comparison 
placed  before  the  members,  based  upon  the  most  haphazard  data  ;  an 
approximate  statement  by  Mr.  Longden,  another  by  Mr.  Hendy,  one  special 
measurement  with  a  gauge  of  1"40  inches,  and  then  strike  an  average 
(as  favourably  as  possible)  and  the  thing  is  done.  It  is  very  difficult  to 
read  a  water-gauge  to  within  -^^  inch,  but  on  this  large  volume  of  air 
^  inch  error  in  the  reading  of  the  water-gauge  would  make  a  very  great 
difference ;  consequently  he  thought  that  he  was  justified  in  saying,  with- 
out any  disrespect  to  the  writer,  that  he  had  no  faith  in,  and  placed  no 
reliance  upon,  any  of  the  figures  quoted  by  Mr.  Capell. 

Mr.  J.  S.  Walker  (Wigan)  wrote  that  he  had  for  a  long  time  ceased 
to  take  the  water-gauge  at  the  fan-inlet ;  it  was  now  his  invariable  prac- 
tice to  take  it  in  the  fan  air-ways,  preferably  near  the  top  of  the  upcast 
shaft.  When  this  was  done,  unless  there  was  some  unusual  friction  in 
the  pit,  there  was  not  much  difference  betwixt  the  water-gauge  taken  in 
this  position  and  at  the  separation-doors  at  the  bottom  of  the  pit.  With 
reference  to  the  comparative  tests  of  fans,  he  considered  that  in  the  case 
of  two  fans  being  tested  upon  one  pit,  unless  designed  for  the  same  duty, 
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the  comparative  efficiencies  of  the  types  obtained  would  not  be  reliable. 
The  writer  wishes  to  refer  the  members  to  Mr.  Barnes'  statement*  of  the 
work  performed  by  a  Walker-Guibal  fan  at  the  Grassmoor  collieries,  and 
confirmed  by  Mr.  C.  E.  Rhodes.  The  efficiency  of  the  Guibal  fan  is 
now  so  well  recognized,  that  it  is  not  at  all  likely  to  be  prejudiced  by 
such  comparisons  as  appear  in  Mr.  Capell's  paper.  It  would  be  instruc- 
tive if  Mr.  Capell  would  inform  the  members,  on  what  lines  the  fan  at 
the  Prosper  I  colliery,  Westphalia,  and  that  at  the  Coalpit  Heath  colliery, 
near  Bristol,  were  constructed,  and  by  whom  ? 

Mr.  M.  Deacon  (Alfreton)  wrote  respecting  Mr.  Capell's  calculation 
that  the  Schiele  fan  at  Shirland  would  have  required  not  less  than  7"55 
inches  of  water-gauge  in  order  to  have  produced  118,000  cubic  feet  of  air 
per  minute  was  theoretically  correct,  but  it  must  be  borne  in  mind  that  the 
fan  was  doing  its  maximum  work  at  1  inch  water-gauge  when  it  pro- 
duced 43,699  cubic  feet  per  minute.  Although  the  experiments  made 
upon  the  two  fans  were,  in  the  writer's  opinion,  comparative  at  1  inch  of 
water-gauge,  beyond  that  point  he  did  not  think  that  any  calculation 
could  be  considered  as  fairly  comparative.  It  would  be  interesting  if  Mr, 
Capell  would  describe  the  exact  position  of  the  orifice  of  the  water-gauge 
tube  and  its  direction  in  relation  to  the  inlet  of  the  fans  in  the  Coalpit 
Heath  experiments. 

Mr.  A.  L.  Steavenson  (Durham)  said  no  one  had  a  greater  admira- 
tion than  he  had  for  the  way  Mr.  CapeU  had  worked  out  his  observations, 
and  he  would  be  pleased  to  see  his  efforts  crowned  with  success.  At  the 
same  time  he  agreed  with  some  of  Mr.  Southern's  observations  as  to  the 
experiments  being  too  fragmentary.  "What  they  wanted  was  a  series  of 
observations  taken  by  persons  whom  they  could  trust.  He  did  not  mean 
to  say  they  could  not  trust  Mr.  Capell,  except  in  the  respect  that  he  had 
perhaps  a  little  bias  for  the  results  of  his  own  fan,  naturally,  and  some 
people  had  accepted  his  conclusions.  Mr.  Capell  said  in  his  paper 
that  "  one  point  was  prominent,  and  this  was  recorded  at  the  time,  viz., 
that  there  was  a  different  water-gauge  in  the  Guibal  fan  when  passing  the 
same  volume  of  air  as  the  small  Capell  fan;"  this  was  a  question  of 
fact  which  should  be  thoroughly  tested.  A  great  deal  depended  on  where 
the  water-gauge  was  taken.  He  could  understand  that  Mr.  Capell  would 
get  a  higher  water-gauge  at  a  distance  from  the  fan  than  some  of  the 
smaller  fans,  such  as  the  Schiele.  IVIr.  Capell  had  said  that  his  fan  had  six 
evasee  chimneys  in  which  it  resembled  the  Guibal  fan,  but  from  the  effects 
obtained  he  (Mr.  Steavenson)  rather  doubted  the  resemblance.  Unfor- 
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tunately,  they  had  only  one  case  given  in  which  they  could  test  the 
manometiic  efficiency  of  the  Guibal  fan.  Mr.  Steavenson  then  referred 
to  the  results  of  numerous  experiments  in  which  the  Guibal  fan  gave  a 
manometric  efficiency  of  at  least  0-62.  None  of  the  open-running  fans 
reached  0-50,  simply  because  they  had  not  an  evasee  chimney  ;  if  the 
Capell  fan  had  six  evasee  chimneys  the  results  should  be  very  much 
higher  than  the  0'-i6  to  0*48  given  as  the  average  manometric  efficiency. 
The  paper  only  recorded  the  results  of  the  trial  of  one  Guibal  fan  of  1 6 
feet  diameter,  giving  0*65,  and  here  there  was  a  manifest  difference 
between  the  Guibal  fan,  which  was  0'65  and  the  Capell  fan  which  was 
only  0"48.  The  single  case  in  which  the  Capell  fan  gave  the  mano- 
metric efficiency  of  0*52  seemed  to  be  wrong,  as  in  none  of  the  others 
did  it  attain  0"50.  Hitherto  it  had  been  claimed  that  the  Capell  fan 
gave  upwards  of  68  and  70  per  cent,  of  useful  effect ;  now  they  had  got 
down  to  something  reasonable,  and  the  Prosper  I  colliery  fan  was  quoted 
at  55  per  cent.;  this  was  a  very  large  reduction,  but  it  was  still  an 
exceedingly  good  result,  and  he  hoped  the  Capell  fan  would  never 
yield  less. 

Mr.  Capell  said  that  result  was  obtained  with  10'70  inches  of  water- 
gauge. 

Mr.  Steavenson,  continuing,  noticed  that  Mr.  Capell  had  read 
another  paper  some  time  ago,  but  it  was  of  so  fragmentary  a  character 
that  it  was  impossible  to  follow  it.*  They  could  not  go  into  the  question 
of  volumes  and  water-gauges  without  a  long  series  of  accurate  experi- 
ments. Mr.  Capell  had  many  volumes  of  experiments,  but  they  were  all 
taken  in  the  same  way  and  he  feared  they  were  not  sufficiently  reliable. 
He  hoped,  however,  that  before  long  they  would  have  a  Capell  fan  in  this 
district,  and  have  it  thoroughly  tested. 

Mr.  T.  H.  M.  Stratton,  following  up  the  remarks  of  Mr.  Steavenson, 
said  the  manometric  efficiency  of  the  Capell  fan  varied  very  largely.  At 
the  Prosper  I  colliery  it  was  0*50,  at  Gneisenau  colliery  O'iO,  at  Coalpit 
Heath  colliery  0*43,  and  0*50  at  the  higher  speed,  and  at  Silverhill 
colliery  it  was  0*43.  There  was  a  variation  from  0*40  to  0*50,  whereas 
in  all  other  fans  which  he  had  tested  the  manometric  efficiency  was 
consistent  and  constant,  in  the  Guibal  being  about  0*65,  and  in  the 
Capell,  Schiele,  and  Waddle,  0-46. 

Mr.  M.  Walton  Brown  (Newcastle-upon-Tyne)  said  he  presumed  that 
Mr.  Capell  was  alluding  to  the  experiments  upon  the  fans  at  Homerhill 
colliery  when  he  said  that  "  one  point  was  prominent     ....     that 
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there  was  a  different  water-gauge  in  the  Guibal  fan  when  passing  the  same 
volume  of  air  as  the  small  Capell  fan."  These  experiments  may  be  recalled, 
together  with  the  1867  experiments  upon  the  same  Guibal  fan  : — 

Description  of  Fan.  -g 

Capell  fan  (5  feet) 

Guibal  fan  (16  feet)  1869 


1885 


The  1885  experiments  upon  the  Guibal  fan  might  be  discarded,  and  a 
comparison  of  the  1869  experiments  showed  that  the  Guibal  fan  produced 
a  very  much  larger  volume  of  air  than  the  Capell  fan  running  at  the  same 
water-gauge,  viz.,  37,500  cubic  feet  at  1*02  inches  by  the  Guibal  fan 
against  14,128  cubic  feet  at  1  inch  by  the  Capell  fan.  The  llomerhill 
and  ShMand  collieries'  experiments  proved  conclusively  that  in  each 
instance  the  fans  were  much  too  small  and  "  inappropriate  "  to  the  resist- 
ance of  the  mines  in  question.  Both  were  running  under  unfavourable 
conditions,  and  the  resistances  of  the  small  fans  to  the  passage  of  the  air 
necessarily  reduced  the  results.  As  to  the  action  of  the  Capell  fan,  he 
(Mr.  Brown)  thought  it  was  much  the  same  as  other  fans  of  similar 
dimensions,  producing  a  certain  water-gauge  at  their  inlets  which  was 
decreased  if  the  readings  were  taken  at  increased  distances  from  the  fan. 
It  was  a  recognized  fact  that  a  large  fan  would  produce  the  same  volume 
at  a  certain  water-gauge  when  running  at  a  lower  speed  than  a  small  fan, 
thus  : — 


Description 
of  Fau. 

Diameter 
of  Fan. 

Guibal  fan 

Feet. 
30 

Waddle  fan 

16 
30 

,, 

16 

Schiele  fan 

12 

10 


Revolutions 

of  Fan 
per  Minute. 

65-0 
171-7 

69-2 
184-1 
224-2 
322-2 


Speed  of 
Rim  of  Fan 
per  Second. 

Feet. 

102-1 

143-8 
108-7 
154-2 
140-9 
168-7 


Water- 
gauge. 

Inches. 


Volume  of 

Air  of 
per  Minute. 
Cubic  Feet. 


2-883        100,000 


He  (Mr.  Brown)  would  like  information  as  to  the  mode  in  which  the 
water-gauge  readings  at  the  bottom  of  the  shafts,  referred  to  in  Mr. 
Capell's  papers,  were  made ;  and  also  as  to  how  a  "  fan  of  large  exhaust- 
ing capacity"  can  throw  its  water-gauge  into  the  mine.  If  the  water- 
gauge  was  correctly  observed  under  precisely  the  same  conditions  at  the 
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bottom  of  the  upcast  shaft  leading  to  the  ventilator,  he  could  not  understand 
how,  if  the  water-gauge  at  bank  was  constant,  that  the  water-gauge  below 
ground  was  found  to  be  less  when  one  fan  was  running  than  with  another ; 
and  all  practical  experiments  coming  under  his  observation  support  this 
view.  He  had  made  experiments,  and  found  that  the  water-gauge  at  the 
bottom  was  practically  constant  under  the  same  conditions.  From  the 
Appendix  to  the  Report  of  the  Prussian  Fire-damp  Commission  (vol.  v., 
pages  62  and  63),  he  found  that  the  Guibal  fan  at  the  Prosper  I  collieries, 
No.  1  Pit,  was  39  feet  4*45  inches  in  diameter  at  the  tips  of  blades,  and 
produced,  at  50  revolutions  per  minute,  or  a  blade-tip  speed  of  103"8  feet 
per  second,  45,900  cubic  feet  of  air  per  minute  under  2*756  inches  of 
water-gauge,  the  useful  effect  being  only  0*202,  at  a  manometrical  effi- 
ciency of  0"58.  Considerable  improvement  must  have  been  made,  and 
the  resistances  of  the  mine  considerably  decreased,  in  order  that  the  same 
fan  should  produce,  at  a  later  date,  59,340  cubic  feet  of  air,  under  3*15 
inches  of  water-gauge.  It  was  very  certain  that  an  equal  amount  of 
improvement  had  been  effected  prior  to  the  erection  of  the  Capell  fan, 
the  equivalent  orifice  having  been  enlarged  from  10  and  12  square  feet 
for  the  Guibal  fan  to  over  14  square  feet  for  the  Capell  fan.  He  would 
also  like  to  know  the  lines  upon  which  this  Guibal  fan  was  built,  and  who 
was  the  maker,  as  there  must  be  something  to  account  for  the  low 
mechanical  efficiency  of  0*202. 

Prof.  H.  Stroud  (Newcastle-upon-Tyne)  said  that  the  given  water- 
gauge  did  not  indicate  the  true  difference  of  pressure,  as  was  evidently 
shown  by  examples  taken  from  the  paper.  He  should  not  imagine  the 
same  difference  of  pressure  would  give  any  different  volume  of  air  what- 
ever the  fan  used,  provided  always  that  the  circumstances  were  identical 
as  to  the  resistance  to  air-flow  in  the  mine. 

Mr.  A.  L.  Steavenson  (Durham)  said  that,  with  respect  to  "  throwing 
back,"  no  doubt  with  different  fans  they  would  find  a  different  vacuum 
at  distances  from  the  fan  where  they  had  insufficient  area  for  the  air  to 
flow  through,  and  he  thought  it  was  not  a  question  of  "  throwing  back  " 
but  of  "swallowing"  the  volume.  Of  course  the  vacuum  would  be 
farther  back  with  one  fan  than  another,  but  "thro\nng  the  vacuum  back" 
was  rather  an  unhappy  expression. 

Mr.  M.  Walton  Brown  said  with  regard  to  taking  the  water-gauge 
at  the  bottom  of  the  pit,  it  seemed  to  him  that  the  coiTect  way  to 
do  so  was  to  carry  a  tube  from  bank.  If  the  water-gauge  was  taken  on 
the  separation-doors  the  result  would  only  be  the  difference  of  density  on 
the  two  sides  of  the  doors. 
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Mr.  J.  Hodgson  (Edmondsley)  asked  whether  Mr.  Capell  intended 
them  to  understand  that  one  fan  could  exhaust  more  air  than  another  at 
the  same  water-gauge  :  that  is  to  say,  suppose  they  obtained  50,000  cubic 
feet  of  air  per  minute  with  1  inch  of  water-gauge  at  bank  with  the  Guibal 
fan,  would  the  Capell  fan  produce  the  same  volume  on  the  same  mine  at  less 
than  1  inch  of  water-gauge ;  and  were  they  to  understand  that  they  would 
get  the  same  volume  of  air  with  a  less  water-gauge  by  the  Capell  fan  ? 

The  Rev.  G.  M.  Capell  (Passenham),  replying  to  the  discussion,  first 
referred  to  Prof.  Herschel's  communication,  which  suggested  a  difficult 
line  of  thought.  The  nearest  approach  to  it  he  could  think  of  was  its 
relation  to  the  phenomena  of  the  flow  of  the  electric  current.  Referring 
to  the  more  practical  points  raised  he  did  not  think  any  one  present  had 
been  put  in  possession  of  a  certain  fact,  viz.,  that  the  Capell  fan,  when  it 
was  run  to  produce  initial  gauge,  closed  off  from  the  air  altogether,  gave 
a  higher  result  than  the  Guibal  fan.  Mr.  Howe  in  a  paper  before  the 
Chesterfield  Institute  in  1871  stated  that  "the  Staveley  fans  have  been 
frequently  run  under  different  conditions  for  the  sake  of  experiment,  and 
whether  the  air  is  conducted  through  miles  of  pit  roads,  before  reaching 
the  fan,  or  simply  exhausted  from  the  atmosphere  close  to  the  inlet  with- 
out passing  through  the  pit  at  all,  or  if  the  air  is  effectually  shut  off  from 
it  and  the  ventilator  turned  round  without  any  discharge,  there  does  not 
appear  to  be  any  appreciable  difference  in  the  water-gauge  indications  for 
the  same  velocity  of  tips."  The  design  of  each  Capell  fan  was  different 
to  any  other,  as  he  tried  to  apply  each  one  to  its  special  work.  The 
following  trials' had  recently  been  made  upon  the  Guibal  and  Capell  fans 
at  the  Maries  collieries,  in  the  north  of  France  : — 


Fan,  diameter     

Guibal  Fan. 
23  feet. 

Capell  Fan. 

12^  feet. 

„      width 

— 

9     „ 

„      diameter  of  inlets 

— 

7      „ 

Engines,  cylinders        

„         diameter        

— 

2 
26  inches. 

,,          stroke            

— 

52       „ 

,,         fly-wheel,  diameter 

— 

20  feet. 

Eevolutions  per  minute,  engine 
fan 

75 

75 

61-5 
305-0 

Water-gauge,  near  fan 

1-40  inches 

9-60  inches. 

„              in  main  drift     ... 

1-00       „ 

9-20      „ 

,,             in  a  side  drift 

— 

9-00      „ 

Volume  of  air  per  minute 

63,540  cubic  feet.      . 

.      180,000  cubic  feet 

Horse-power  in  air 

13-12 

272 

Indicated  horse-power  of  engine 

32-23 

480 

Mechanical  efficiency 

0-407 

0-578 

Manometrical  efficiency 

0-348 

0-547 
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He  advocated  the  static  water-gauge  as  being  the  only  one  which  would 
give  true  comparative  results.  There  were  certain  conditions  of  a  mine 
which  they  had  not  yet  been  able  to  find  out  the  cause  of,  where  neither 
one  fan  nor  another  would  give  its  full  useful  effect. 

Mr.  A.  L.  Steavenson  asked  if  the  water-gauge  had  ever  been  tested 
on  both  the  inner  and  outer  cases  ? 

Mr.  Capell  said  they  had,  and  the  water-gauge  taken  upon  the  outer 
fan  was  always  higher  than  that  upon  the  inner  fan.  The  object  of  the 
outer  chamber  was  to  decrease  the  resistance  to  the  discharge  of  the  air 
from  the  mine.  They  were  all  aware  that  there  was  no  water-gauge 
visible  when  they  had  natural  ventilation  ;  it  was  not  until  they  got  past  the 
speed  of  the  natural  ventilation  that  the  water-gauge  began  to  be  visible. 
With  regard  to  Mr.  Southern's  observations  as  to  Silverhill  colliery, 
he  (Mr.  Capell)  could  only  say  that  he  had  never  himself  experimented  in 
the  fan-drifts  or  returns  at  this  colliery.  The  results  of  the  experiments 
were  given  to  him  by  the  two  gentlemen  as  having  been  carefully  taken. 
The  water-gauge  was  fixed  between  the  separation-doors  in  the  pit,  and 
in  this  position  was  common  to  the  furnace  and  the  Capell  fan.  There 
was  no  attempt  at  comparison,  because  the  furnace  observations  were 
made  just  before  the  fan  stopped,  and  he  himself  had  had  no  opportunity 
of  verifying  the  results,  but  the  ventilation-books  of  the  mine  showed 
that  the  figures  he  arrived  at,  as  the  general  results  obtained  by  the 
furnace,  were  very  fair  ones.  With  regard  to  the  improved  condition  of 
the  resistance  of  the  mine  at  Prosper  I  colliery,  he  could  only  say  that  the 
Prussian  Fan  Commission  reported  in  188*,  and  Mr.  Herbst's  report  was 
made  at  the  beginning  of  1890 ;  and  it  was  quite  possible  that  the  condi- 
tions of  1890  were  not  those  of  1884.  But  the  Guibal  fan  was  still  on  the 
mine  and  was  run,  alternately  with  the  Capell  fan,  when  it  was  first  started 
in  work.  In  using  the  words  "  throwing  back,"  he  only  quoted  from 
Mr.  Deacon's  paper.  They  would  find  in  that  paper  that  whereas,  at  the 
bottom  of  the  downcast  shaft,  the  water-gauge  of  the  Capell  fan,  with  1  inch 
at  the  surface,  was  very  slightly  altered,  that  of  the  Schiele  fan,  at  the  same 
point  below,  was  only  O'iS  inch.  He  used  the  term  to  show  that  there 
was  a  fictitious  gauge  which  did  not  affect  the  mine.  If  all  experiments 
were  made  with  the  static  gauge  they  would  be  able  to  compare  one  fan 
with  another,  and  ascertain  their  actual  ventilating  powers  on  the  mine, 
tn  reply  to  Mr.  A.  L.  Steavenson's  remarks  that  the  Capell  fan  water- 
gauge  was  the  same  as  the  Waddle  fan  as  to  manometric  efficiency,  Mr. 
CapeU  cited  the  case  of  a  12  feet  single  inlet  fan  at  Crespin  colliery,  near 
Anzin,  giving  7  inches  of  water-gauge  at  240  revolutions  per  minute,  or 
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0'70  manometric  efficiency.  The  10  feet  fan  at  Waleswood  colliery 
produced  3'10  inches  of  water-gauge  at  210  revolutions,  or  0*574  of 
manometric  efficiency.  The  12  feet  single  inlet  fan  giving  4-75  inches 
of  water-gauge  at  225  revolutions,  or  0*535  of  manometric  efficiency. 
The  three  Guibal  fans  tested  by  the  Mechanical  Ventilators  Committee  of 
the  North  of  England  Institute,  in  1878,  gave  0*52  to  *56  of  manometric 
effect.  The  Waddle  fan  at  Celynen  colliery  gave  0*157,  and  Schiele  fans 
0*32  to  0*333,  of  manometric  effect.  The  Capell  fans  are  designed  to 
give  certain  manometric  effects,  and  they  nearly  all  vary  in  this  respect, 
according  to  the  condition  of  workings.'  In  reply  to  Mr.  Walton  Brown's 
remarks  about  the  experiments  at  Homer  Hill  colliery.  The  mine  was 
not  in  the  condition  of  the  previous  experiments  referred  to,  as  the  return 
was  blocked  to  increase  friction,  and  the  downcast  shaft  was  covered  with 
boards  and  sacking  for  the  same  object.  In  the  early  experiments,  and  in 
the  tests  with  the  Capell  fan,  Mr.  James  Swindell  was  the  observer,  and  first 
noticed  the  gauge  and  volume  discrepancies.  With  regard  to  the  remarks 
about  accuracy  of  observations,  he  (Mr.  Capell)  merely  gave  figures  handed 
to  him  by  others.  The  same  class  of  discrepancy  running,  though  results 
coming  from  unprejudiced  sources,  widely  distant  from  each  other,  all 
point  to  some  peculiarity  in  the  fans'  action,  which  he  should  be  only  too 
glad  to  have  explained.  A  constantly  recurring  phenomenon  cannot  be 
explained  away  by  a  mere  supposition  that  observations  were  wrongly 
taken.  If  only  one  or  two  cases  existed,  it  might  be  so,  but  with  large 
numbers  some  other  cause  must  be  sought.  In  reply  to  Mr.  A.  L. 
Steavenson,  he  (Mr.  Capell)  regretted  that  he  used  an  inappropriate 
expression  if  it  was  so,  but  when  he  found  that  the  water-gauge  at 
500  yards  from  the  pit  bottom  was  1  inch  with  one  fan,  and  2  inches 
at  the  same  spot  with  another,  the  gauge  at  bank  being  the  same,  the 
result  was  as  if  one  fan  actually  threw  back  its  gauge  farther  into  the 
mine  than  another,  the  result,  no  doubt,  of  its  greater  capacity  for 
swallowing  air  rapidly  than  the  other  fan.  The  observations  of  Mr. 
Howe  on  the  Staveley  Guibal  fan,  to  the  effect  that  the  gauge  was 
always  the  same  at  the  same  speed,  showed  that  the  gauge  tube  was 
in  the  inlet  of  the  fan,  where  increased  volume  through  increased  air- 
velocity  kept  the  gauge  constant,  whereas  the  increase  of  air  into  a  large 
fan  drift  always  lowered  the  gauge  in  the  drift  away  from  the  influence 
of  the  inlet :  gauge  and  volume  being  the  two  sides  of  a  balance,  if  you 
increase  the  volimie  largely  at  a  given  speed  the  gauge  is  lowered  and 
vice  versa,  if  the  gauge  tube  is  not  placed  in  a  position  to  register  the 
increased  air-velocity. 
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The  President  said  the  discussion  would  be  adjourned  pending  the 
publication  of  Mr.  Capell's  paper  and  the  correspondence  it  had  elicited. 
He  would,  however,  move  a  vote  of  thanks  in  the  meantime  to  Mr.  Capell, 
to  whom  they  were  all  deeply  indebted  for  his  attendance  that  day,  and 
for  the  information  he  had  given  them,  and  although  he  had  been  pretty 
freely  criticized  he  would  no  doubt  feel  that  this  had  been  done  in  a 
friendly  spirit  and  with  the  view  of  getting  at  the  facts  of  the  case. 

Mr.  A.  L.  Steavenson  seconded  the  vote  of  thanks,  and  said  that  it 
certainly  would  not  be  Mr.  Capell's  fault  if  the  members  had  not  benefited 
by  the  paper. 

Mr.  Capell  acknowledged  the  vote  of  thanks,  and  said  he  would  only 
be  too  glad  to  render  any  assistance  he  could  \^'ith  the  view  of  arranging 
and  carrying  out  experiments,  and  to  give  such  time  as  he  could  spare  to 
the  matter. 


The  followLQg  papers  were  taken  as  read,  and  the  meeting  adjourned. 
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GOLD-MINING  IN  BRAZIL. 


By  E.  M.  TOUZEAU. 


Introduction. 

The  industry  of  gold-mining-  in  Brazil  belongs  more  to  the  past  than 
to  the  present,  and  consequently  any  attempt  at  description  must  contain 
much  which  appears  to  be  out  of  date,  and  as  such  only  of  historic  interest. 

If,  however,  some  connexion  can  be  established  between  the  methods 
pui"sued  in  the  past  and  the  present  decadence  of  a  once  important 
pursuit  such  reference  will  be  seen  to  be  pertinent  to  the  subject  of  this 
paper. 

Before  the  great  gold-fields  of  California  and  Australia  had  monopolized 
an  attention  now  shared  by  South  Africa,  Brazil  occupied  the  foremost 
position  as  a  gold-producing  country.  The  greatest  returns  were  made 
during  the  last  century  and  the  first  half  of  this  ;  during  the  former  period 
by  native  enterprise  and  during  the  latter  principally  by  that  of  English 
companies. 

The  history  of  gold-mining  seemingly  repeats  itself  in  each  country 
nay,  in  each  field,  with  such  a  fidelity  to  detail  that  the  mistakes  made 
have  borne  a  general  family  resemblance,  and  that  of  Brazil  forms  no^ 
exception  to  the  rule.  A  period  when  gold  is  found  plentifully  at 
surface  or  in  shallow  workings  is  followed  by  the  lavish  and  often  ill- 
advised  expenditure  of  capital.  To  this  succeeds  a  stage  of  discredit 
when  sound  concerns  suffer  with  unsound,  only  to  be  terminated  by  a 
gradual  weeding  out  of  the  bad,  and  a  prosecution  of  the  good  ventm'es 
on  legitimate  lines. 

Brazil  reached  the  discredited  stage  and  stopped.  Her  history  there- 
fore lacks  the  completeness  afforded  by  that  of  later  gold-producing 
countries  which  have  each  found  their  check  to  have  been  a  salutary  lesson, 
leaving  them  the  stronger  for  its  learning. 

With  the  knowledge  gained  in  more  recent  fields,  the  advantages  of 
modem  machinery,  and  the  better  means  of  transport  now  afforded,  Brazil 
may  yet  hope  to  give  a  good  account  of  herself,  and  emerge  from  her 
present  obscurity.     During  the  years  which  have  elapsed  since  English 
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mining  enterprise  almost  ceased  in  Brazil,  the  methods  and  means  of 
extracting  and  treating  ores  have  advanced  sufficiently  to  make  the  poor 
and  unworkable  property  of  that  date  a  workable  and  payable  one  to-day. 

Immense  quantities  of  the  surface-clays,  sand,  and  gravels,  the  latter 
called  by  the  natives  "cascalho,"  were  excavated  and  carried  to  the 
"corregos"  (streams)  to  be  washed  for  gold.  Hydraulicking  was  not 
attempted  as  now  known,  but  reservoirs  were  built  and  the  hills  contoured 
for  miles  with  "  regos  "  (ditches)  to  convey  the  water  from  them,  or  the 
streams  intercepted,  to  some  favoured  site  for  washing.  At  such  sites, 
sluices  called  "  canoas  "  were  either  excavated  out  of  the  natural  rock  or 
built  of  wood,  and  upon  the  rough  bottoms  of  the  former  or  in  the  hides 
or  baize  (bietta)  stretched  on  the  latter  the  gold  was  arrested.  Between 
Morro  de  Santa  Anna  and  Passagem  many  of  these  rock  canoas  may  still  be 
seen,  and  the  whole  surface  of  the  country  for  a  considerable  area  has 
evidently  been  excavated  and  washed  in  this  way. 

Washing  in  the  rivers  and  streams  also  produced  a  large  amount  of 
gold,  and  even  now  it  is  very  common  to  see  a  native,  knee-deep  in  the 
water,  raking  up  the  bottom  with  an  "  enchada  "  (hoe),  so  that  the  dis- 
turbed dirt  may  flow  through  the  little  race  he  (or  she)  has  made  and  over  a 
few  pieces  of  bietta  upon  which  he  (or  she)  may  hope  to  arrest  a  few 
particles  of  gold  as  a  reward  of  his  (or  her)  day's  work.  The  yield  of 
the  streams  improves  after  heavy  rains. 

It  was  a  common  practice  in  the  slavery  days  to  send  out  individual 
slaves  on  such  a  mission,  taxed  to  bring  in  a  vintem  of  gold  in  a  quill  as 
the  minimum  of  a  day's  work — the  receipt  for  a  smaller  quantity  being 
often  given  to  them  on  their  backs. 

The  writer  has  been  told  by  the  proprietor  of  one  large  fazenda  that 
grains  of  gold  are  at  times  found  in  the  crops  of  fowls  killed  on  his  pro- 
perty, and  he  has  himself  washed  very  fair  samples  from  the  alluvial  mud 
and  sand  of  river-banks,  which  shows  that  the  streams  still  derive  a  supply 
from  the  waste  of  the  surrounding  country. 

On  one  property  visited  by  the  writer  gold  to  the  value  of  £60,000 
had  been  obtained  from  the  outcrops  of  the  reefs  by  the  late  Brazilian 
proprietor.  Fires  were  lighted  on  the  lodes,  and  when  the  rock  became 
sufficiently  heated  cold  water  was  thrown  upon  it.  The  rock  thus  broken 
was  carried  on  mule-back  about  three  quarters  of  a  mile  to  stamps  erected 
on  the  banks  of  a  stream.  The  reefs  are  large,  and  must  have  been  very 
rich  at  that  time  to  cover  so  heavy  a  cost,  and  still  yield  such  a  handsome 
return. 
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At  Ouro  Preto,  formerly  called  Villa  Rica,  innumerable  small  galleries 
were  driven  into  the  mountain-side,  and  small  shafts  sunk,  from  which  an 
immense  amount  of  mineral  was  extracted,  and  large  quantities  of  gold 
obtained  and,  doubtless,  also  lost.  For  miles  in  an  easterly  direction  the 
mountains  are  honeycombed  by  such  shallow  workings,  and  at  Morro  de 
Santa  Anna  5,000  miners  worked  their  separate  claims  or  "  datas  "  in  a 
similar  manner  until  the  property  passed  finally  into  the  hands  of  the 
Don  Pedro  North  d'El  Key  Mining  Company,  Limited. 

The  early  Portuguese  settler  and  his  Brazilian  descendants  were 
wonderfully  successful  seekers  of  gold,  but  their  mining  knowledge  was 
very  limited  ;  and  water  once  reached,  their  works  had  to  be  abandoned. 

In  the  early  part  of  the  present  century  English  capital  began  to 
flow  into  Brazil,  until  at  one  time  a  number  of  properties  were  being 
worked  and  managed  by  English  companies.  Foremost  amongst  these 
was  the  Imperial  Brazilian  Mining  Association,  which  will  be  again 
alluded  to,  the  St.  John  d'El  Key,  the  Don  Pedro  North  d'El  Key,  and 
others. 

They  had  great  diflBculties  to  contend  with  in  bringing  machinery 
and  stores  over  long  distances,  in  a  country  where,  as  yet,  railways  were 
unknown,  and  everything  had  to  be  conveyed  in  bullock-carts  or  on  mule- 
back  over  an  interminable  series  of  the  roughest  mountain-roads. 

Despite  many  drawbacks,  mining  was  prosecuted  and  a  very  large 
amount  of  gold  sent  home,  while  the  vigour  of  some  of  these  undertakings 
is  evinced  by  their  continued  existence  to  the  present  day. 

This,  the  historical  portion  of  the  subject,  might  almost  conclude  the 
paper  if  its  title  were  strictly  adhered  to,  for  little  has  been  done  in  recent 
years  to  develop  one  of  the  greatest  mineral  districts  of  the  world — a 
neglected  and  in  part  a  forgotten  one. 

Mr.  Henri  Gorceix,  late  Director  of  the  School  of  Mines  at  Ouro 
Preto,  has  fitly  described  the  Province  of  Minas  G-eraes  as  having  a 
"  heart  of  gold  in  a  breast  of  iron,"  and  the  simile  only  fails  in  its 
omission  of  reference  to  the  wide  range  of  mineral  wealth  which  he 
himself  has  pointed  out  that  it  possesses. 

GOLD-BEAEING    FOKMATIONS. 

Gold  is  found  almost  throughout  the  whole  series  of  rocks  in  the 
gold-zone  of  Minas  Geraes,  but  the  bulk  of  that  obtained  by  mining  has 
been  derived  either  from  the  quartz  or  jacotinga  formations.  The  latter 
is  a  formation  peculiar  to  Brazil  which  will  be  more  especially  alluded  to 
later  on.     The  quartz-formations  have  been  extensively  worked  at  Morro 
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Vellio  and  Passagem,  but  with  these  exceptions  no  other  property  has  been 
worked  to  any  great  depth  or  benefited  by  the  use  of  modern  machinery. 

At  Morro  de  Santa  Anna,  Rossa  Grande,  Pari,  Antonia  Pereira,  and  at 
many  other  points,  oi3erations  have  been  conducted  either  by  English  or 
Brazilian  companies,  but  in  most  cases  under  conditions  which  must  have 
proved  fatal  to  the  success  of  almost  any  property. 

The  clay-formation  has  also  been  worked  at  several  places  with  con- 
siderable success,  notably  at  the  Barra  mine,  situated  near  the  village  of 
Barra.  This  mine  is  the  property  of  a  Brazilian  company  and,  as  its 
name  implies,  the  gold-bearing  formation  is  mostly  clay,  yielding  a 
steady  and  very  remunerative  return.  It  has  been  long  and  ably  managed 
by  Capt.  Truran  who  works  it  entirely  with  native  labour,  and  the  rock 
requires  most  careful  working  to  prevent  accidents.  The  mineral  is 
passed  through  Brazihan  stamps  driven  by  waterwheels.  After  stamp- 
ing, the  pulp  is  carried  over  blanket  strakes  and  afterwards  over  tables 
having  a  good  fall — a  small  quantity  of  water  and  a  good  fall  being  found 
to  give  the  best  results.  The  gold  recovered  is  very  fine  and  rarely  visible 
in  its  matrix.  The  sand  from  the  tables  and  blankets  is  washed  by  hand 
m  bateas  in  the  usual  way. 

"With  the  exception  of  Passagem  and  ]\Iorro  Velho  the  mineral  has 
generally  received  the  treatment  described  as  used  at  the  Barra  mine,  or  in 
other  words,  a  simple  washing  after  stamping.  It  is  reasonable  to  con- 
clude that  a  very  large  amount  of  gold  has  been  lost  owing  to  the  crude 
methods  employed. 

Method  of  Working. 

The  method  of  working  has  almost  invariably  consisted  in  following 
down  a  richly  mineralized  shoot  in  the  lode,  until  water  has  been  reached : 
then  hand-power  or,  more  rarely,  that  of  water  has  been  used  to  drain 
the  excavation.  Adits  have  been  driven  and  shafts  sunk  ;  but  anything 
in  the  nature  of  deadwork  has  been  carefully  avoided,  and  development 
regarded  as  a  luxury  too  great  to  be  indulged  in.  Small  wooden  pumps 
have  genei-ally  marked  the  lowest  level  at  which  the  Brazilian  has  cared 
to  prosecute  his  search  for  the  precious  metal,  and  a  portion  of  the  free 
gold  which  the  rock  contained  has  satisfied  him  whether  it  would  be  worth 
his  while  to  continue  his  work  even  above  that  horizon. 

In  most  cases  the  mines  were  situated  at  points  far  distant  from  water- 
power  and  the  mineral  was  carried  on  mule-back  to  the  stream  where 
water-power  was  available  for  crushing  and  treating  the  mineral ;  unless 
the  ore  was  found  sufficiently  rich  to  bear  this  heavy  cost  the  mine  was 
abandoned. 
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The  broken  rock  was  often  carried  out  of  the  mine  by  manual  labour 
or  at  best  wound  by  a  mule  or  bullock-whim,  and  manual  labour  has  been 
used  even  by  some  of  the  English  companies  for  working  the  pumps. 

The  Brazilian  stamps  are  almost  entirely  constructed  of  timber,  having 
a  wooden  shaft  with  wrought-iron  cams  actuating  iron  tappets  upon 
wooden  stems.  The  shoes  are  of  most  excellent  cast-iron  made  in  the 
country,  and  the  mortar  boxes  are  of  wood.  If  well  constructed  they 
may  crush  perhaps  15  cwts.  per  day,  according  to  the  nature  of  the  rock ; 
but  it  is  more  than  doubtful  whether  the  requisite  degree  of  fineness  is 
ever  accurately  determined.  "Where  the  ores  crushed  are  pyritous,  a 
heavy  loss  must  occur  by  the  simple  method  of  gold  extraction  practised. 

The  Passagem  mine,  situated  near  to  the  old  Portuguese  city  of 
Marianna,  was  formerly  worked  by  the  x4.nglo-Brazilian  Gold  Company, 
Limited,  and  at  that  time  operations  were  conducted  upon  lines  little 
better  than  those  practised  by  the  Brazilians.  At  present  it  is  worked  by 
the  Ouro  Preto  Gold  Mines  of  Brazil,  Limited,  and  a  very  different  state 
of  things  exists  under  the  management  of  Mr.  H.  J.  Gifford.  The  old 
incline-shafts  have  been  enlarged  and  the  mine  developed  upon  modern 
principles.  A  rego  of  some  miles  in  length  brings  an  ample  supply  of 
water  for  power  purposes  and  treatment  of  the  ore.  Hoisting  and  pump- 
ing, the  latter  a  small  item,  is  effected  by  water-power,  which  also  drives 
a  modern  stamp-battery  and  a  number  of  heads  of  Brazilian  stamps. 

The  gold  is  rarely  visible,  and  is  mostly  contained  in  pyrites,  but  the 
rock  varies  considerably.  Specimens  coated  with  asbestos  have  been  taken 
from  this  mine.  The  treatment  includes  concentration  upon  blanket 
tables,  pan-amalgamation,  and  a  roasting  and  chlorination-plant.  The 
latter  was  first  most  ably  introduced  and  manufactured  at  the  mine,  and 
as  it  proved  successful,  a  larger  plant  was  sent  out  from  England.  The 
rock  is  trammed  from  the  mine  and  then  passes  down  chutes  to  the 
ore-bins,  and  from  there  to  the  rock-breakers  and  stamps.  The  whole 
operation  is  effected  by  gravitation  and  with  a  minimum  of  handling. 

The  Jacotinga  Formation. 

On  account  of  its  many  peculiarities  and  the  difficulty  of  working  it, 
this  formation  possesses  an  interest  apart  from  its  being  the  only  known 
example  of  gold  occurring  under  such  conditions.  Roughly  speaking  it 
may  be  divided  into  two  classes,  the  compact  which  requires  stamping, 
and  the  soft  which  yields  the  bulk  of  the  gold  contained  by  the  simple 
process  of  washing.  These  formations  exist  either  separately  or  com- 
bined in  a  series  of  more  or  less  parallel  and  irregular  beds,  striking 
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east-and-west  with  an  underlie  north  or  south  of  some  40  degs.  They 
have  been  proved  to  be  auriferous  at  various  points  for  a  distance  of 
some  40  miles  in  a  north-and-south  direction,  or  at  right  angles  to  their 
strike. 

The  beds  are  not  all  auriferous,  nor  is  any  single  one  auriferous  through- 
out its  length  ;  but  shoots  occur  in  groups  at  certain  points  parallel  with 
the  bedding  and  lying  in  its  furrows.  They  dip  irregularly  towards  the 
east  about  30  degs.,  and  contain  gold  unequally  diflfused  throughout.  In 
some  shoots  defined  lines  of  gold  or  veins  occur,  which  have  been  followed 
downwards  at  the  Don  Pedro  mine  for  over  100  fathoms  without  any  sign 
of  their  failing.  "Wlierever  the  dip  changes  from  a  low  to  a  high  angle 
the  shoots  have  become  richer,  and  more  or  less  they  conform  to  the 
surface-contour. 

The  jacotinga  is  composed  of  micaceous  iron  ore,  brown  iron  ore, 
saccharoid  quartz,  oxide  of  manganese,  iron  pyrites,  iron  glance,  and  clay, 
and  in  various  shoots  certain  of  these  predominate  or  are  absent,  affording 
indications  favourable  or  the  reverse  to  the  existence  of  gold. 

At  Morro  d'Agoa  Quente,  Bananal,  Brucutu,  Pitangui,  Sao  Miguel, 
Itabira,  Gongo  Soco,  Maquine,  and  other  points,  English  mining  com- 
panies endeavoured  in  past  years  to  work  this  formation  with  varying 
success.  Of  these  companies  the  greatest  and  most  successful  were  Gongo 
Soco  and  Maquine,  the  former  owned  originally  by  the  Imperial  Brazilian 
Mining  Association,  the  latter  by  the  Don  Pedro  Xorth  d'El  Key  Co., 
Limited.     The  only  jacotinga  mine  now  working  is  that  at  Maquine. 

At  Gongo  Soco,  the  lodes  outcropped  at  the  head  of  a  valley,  some  8 
miles  east  of  the  town  of  Caethe.  The  dip  of  the  auriferous  shoots  was 
easterly  8  to  30  degs.,  oblique  to  the  normal  direction  and  inchnation  of 
the  beds.  They  were  found  to  be  very  rich  at  this  point,  and  were  worked 
down  to  water-level,  when  the  usual  difficulties  encountered  made  the  owner 
willing,  but  not  anxious,  to  sell.  In  1825,  the  property  passed  into  the 
hands  of  the  English  company,  and  from  that  date  until  1856  mining 
operations  upon  an  extensive  scale  were  carried  on.  In  1832,  the  force 
employed  by  the  company  comprised  183  Europeans,  207  free  Brazilians, 
and  404  slaves,  the  latter  either  owned  or  hu'ed.  During  that  year,  50,426 
ounces  troy  of  gold  were  obtained,  17, 351' 7 24  ounces  being  the  result  of 
stamping  the  compact  jacotinga,  and  33,074*988  ounces  obtained  by  simply 
washing  the  soft  variety. 

Gold  was  found  in  this  mine  in  extraordinary  quantities  at  different 
times,  and  as  much  as  2,628  ounces  were  extracted  in  two  days.  A 
miner's  hatcap-full  taken  out  in  January,  1829,  uix)n  being  washed  gave 
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331  ounces  14  dwts.  of  gold.  Nuggets  of  over  240  ounces  weight  were 
met  with,  and  in  1840  Capt.  Blarney,  assisted  by  two  miners,  extracted 
1,260  ounces  of  gold  in  3  hours. 

The  shoots  dipped  with  the  valley-line,  and  vertical  shafts  were  sunk 
upon  them  at  intervals ;  the  deepest  of  these  shafts  was  only  48  fathoms 
below  adit.  At  this  point  difficulties  were  encountered,  which  led  to  the 
abandonment  of  the  undertaking. 

The  treatment  of  the  mineral  was  much  the  same  as  that  to  be  de- 
scribed at  the  Don  Pedro  mine.  The  total  amount  of  gold  extracted 
from  Gongo  Soco  mine  between  1826  and  1856  amounted  to  414,336 
ounces  troy. 

The  Don  Pedro  Mine. 

The  mine  is  distant  about  two  miles  north  of  the  city  of  Marianna, 
and  is  situated  in  the  "  buraco  "  or  "  hollow  "  of  Maquine.  The  bm-aco 
occurs  in  a  spur  of  the  main  range  (see  Pigs.  1  and  2,  Plate  XIII.),  and 
is  partly  the  result  of  natural  action  and  partly  due  to  the  removal  of  an 
immense  quantity  of  material  by  the  Antigos,  who  sluiced  and  open-cut 
very  extensively  here. 

The  capping  of  the  spur,  as  also  that  of  the  main  range,  is  an  iron 
breccia,  called  canga.  Under  this  lies  a  ferruginous  sandstone,  which 
forms  the  country  rock,  and  enclosed  in  this  are  the  beds  of  jacotinga, 
having  an  east-and-west  strike,  underlying  about  40  degs.  to  50  degs. 
north.  In  these  beds  occur  the  auriferous  shoots  before  alluded  to, 
dipping  east  into  the  spur. 

Tradition  assigns  this  place  as  the  one  where  large  quantities  of  gold 
had  been  extracted  by  one  of  the  early  Portuguese  pioneers,  who  had 
taken  a  first  instalment  of  his  wealth  home,  and  who  died  on  his  return 
journey  without  communicating  the  secret  of  the  exact  spot  where  he  had 
made  his  find. 

In  1865  a  systematic  search  was  undertaken  by  the  Don  Pedro  North 
d'El  Rey  Co.,  which  was  then  working  the  rock  lodes  of  Morro  de  Santa 
Anna  (another  portion  of  their  property),  and  they  were  rewarded  by  the 
re-discovery  of  the  lost  shoots.  Great  excitement  followed  the  find,  the 
rock  mines  were  abandoned,  and  active  operations  were  commenced  at 
Maquine.  Adits  were  driven,  and  developments  underground  discovered 
shoots  not  known  to  exist  at  the  surface,  some  branches  being  followed 
upwards,  and  pieces  of  gold  taken  out  from  under  the  grass  roots. 

The  mine  being  at  a  considerable  elevation,  no  difficulty  was  experi- 
enced with  water,  and  gold  was  extracted  in  such  quantities  as  enabled 
dividends  of  upwards  of  100  per  cent,  per  annum  to  be  declared  for  three 
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years  in  succession,  that  is,  1867, 1868,  and  1869.  Deeper  drainage  then 
became  necessary,  and  after  several  failures  to  drive  adits  through  a  belt 
of  flucan  which  crossed  the  property,  the  existing  adit,  some  200  fathoms 
long,  was  completed.  The  water  difficulty,  however,  was  an  increasing 
one,  and  though  the  pumping  arrangements  succeeded  for  some  time,  and 
allowed  of  a  depth  being  attained  of  50  fathoms  on  the  incline,  under 
adit,  the  machinery  never  had  command  of  the  water  below  the  30  fathoms 
level.  Consequently,  what  with  the  breakdowns  of  expensive  machinery, 
the  re-opening  of  flooded  workings  in  treacherous  ground,  and  the 
difficulties  attendant  upon  obtaining  mineral  under  such  adverse  circum- 
stances, the  company  had  to  suspend  operations  in  1880,  and  shortly 
afterwards  the  present  company  took  over  the  property. 

An  interesting  pamphlet,  compiled  from  the  official  records  of  the 
company  by  Mr.  John  E.  Dawson,  contains  fuller  particulars  of  this  mine 
than  the  scope  of  this  pajjer  will  admit. 

The  present  company  has  sunk  an  inclined  shaft  from  the  surface,  114 
fathoms,  and  (to  date)  59  fathoms  below  adit.  The  shaft  is  sunk  in 
country  rock,  at  an  angle  of  23  degs.,  and  is  12  feet  by  7  feet  6  inches 
within  timbers.  It  is  timbered  throughout  with  the  hardest  and  best 
timber  procurable.  The  permanent  sets  are  rarely  under  20  inches 
through,  and  are  spaced  6  feet  apart,  with  intermediate  sets  between. 
Dividings,  10  inches  by  6  inches,  are  placed  under  each  cap,  and  the 
back  and  sides  are  close-lathed  with  candea  poles.  In  some  places  where 
the  ground  sets  off  heavy  on  the  timbers,  rangers  are  carried  under  the 
caps,  and  the  dividings  are  of  iron.  Double  lines  of  tram  rails  of  28 
inches  gauge  are  laid  in  the  whim  end,  and  the  engine  end  carries  the 
column  and  pump-rods. 

As  in  the  formation  itself,  so  in  the  country  rock,  great  care  is  requisite 
in  excavating  the  ground,  which,  often  so  hard  as  to  require  blasting,  will 
in  places  run  and  bring  excessive  weight  upon  the  timbers  unless  proj^er 
precautions  are  taken  to  avoid  it.  The  sandstone  is  finely  laminated,  with 
intruding  lines  of  jacotinga,  which  are  always  a  source  of  danger. 

This  shaft  had  to  be  sunk  diagonally  under  the  old  incline-shaft  which 
crossed  it  between  the  40  and  50  fathoms-levels,  and  over  and  under  other 
levels,  the  work  being  successfully  carried  out  without  accident. 

Cross-cuts  are  driven  at  intervals  of  10  fathoms  on  the  incline  to  the 
shoots.  At  present  there  are  seven  stopes  carrying  9  feet  caps  with  9  feet 
legs,  but  these  do  not  embrace  the  fuU  width  of  the  lode  at  this  point, 
therefore  stopes  will  be  carried  over  these  again  until  the  whole  formation 
is  removed. 
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The  system  of  stoping  and  timbering  is  shown  in  Fig.  3,  Plate  XIIL, 
which  shows  a  cross  section  of  the  stopes  at  the  50  fathoms  horizon.  The 
width  of  the  lode  has  been  proved  at  No.  -4  stope  by  a  rise  to  be  23  feet, 
but  this  does  not  represent  its  full  width  as  the  lode  was  still  underfoot  and 
water  prevented  any  further  test  until  such  time  as  deeper  drainage  shall 
admit  of  its  determination. 

The  workings  have  reached  a  point  where  the  spur  joins  the  main 
range,  and  it  is  here  that  predictions  were  made  as  far  back  as  1867  that 
the  various  shoots  would  unite  into  one  main  body  of  great  richness. 
The  shoots  have  formed  the  junction,  and  the  rest  of  the  forecast  is  being 
solved,  so  far  with  the  most  satisfactory  results. 

In  the  workings  upon  the  formation  the  greatest  care  is  required,  and 
ordinary  miners  cause  a  series  of  runs  which  ruin  the  ground  and  are 
dangerous  to  life  and  the  adjoining  workings.  The  best  men  for  this 
kind  of  work  are  natives  trained  from  boyhood  in  the  early  operations  of 
the  company. 

The  back  and  side  laths  are  of  closely -fitted  planks,  tapered  and  driven 
together  to  prevent  the  slightest  run,  which  must  at  once  be  stopped  by 
ramming  in  "capim"  (a  kind  of  grass)  at  the  back  of  them.  Wet  ends 
are  kept  closely  breasted,  and  in  driving,  one  breasting  is  heaved  forth  at 
a  time  and  made  secure. 

The  treacherous  nature  of  the  ground  entii;ely  disappears  when  the 
drainage  of  the  formation  is  sufficiently  deep,  but  for  about  3  fathoms 
above  water-level  it  continues  saturated,  and  is,  in  its  softer  portions, 
almost  unworkable,  and  decidedly  so  for  profitable  extraction. 

The  lines  of  gold  have  been  referred  to,  but  as  they  are  one  of  the 
chief  peculiarities  of  the  jacotinga-formation  further  reference  may  not  be 
out  of  place.  They  generally  occur  near  to,  but  not  in,  the  best  looking 
jacotinga,  and  vary  in  value  and  size  from  a  thread-like  line  to  a  rich 
"  olha,"  or  swell,  jumping  where  a  fissure  occurs,  sometime  for  many  feet, 
but  continuing  in  depth  so  far  as  yet  attained. 

The  contortions  of  one  of  the  auriferous  shoots  at  the  Maquine  mine 
is  shown  in  Fig.  4,  Plate  XIII.,  and  explains  why  an  excavation  12  feet 
wide  was  required  to  remove  the  lodestuff.  Fig.  5,  Plate  XIIL,  shows  a 
cross  section  and  the  occurrence  of  another  shoot,  called  the  canoa  or  curve, 
from  which  large  quantities  of  gold  were  extracted.  The  section  also 
shows  the  position  of  the  five  lines  of  gold  at  that  date. 

To  give  some  idea  of  the  character  of  these  lines  the  writer  may 
mention  his  having  seen  about  5  cwts.  of  veinstuff  taken  out  of  one  of 
them  at  the  45  fathoms  horizon  which  yielded  over  100  ounces  of  gold  by 
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washing.  Some  of  the  prills  were  3  inches  to  4  inches  long,  and  occurred 
as  irregular  slabs  with  shai-p,  jagged  edges.  A  piece  has  been  taken  out 
of  this  mine  18  inches  long,  and  on  another  occasion  a  bunch  like  seaweed, 
which  fell  to  pieces  on  washing  it.  From  pieces  such  as  this  the  gold 
ranges  down  to  the  finest  flour  or  float-gold,  which,  together  with  round 
shot-like  pellets,  require  much  care  to  prevent  loss.  The  lines  are  carefully 
sealed  with  clay,  marked  by  the  mine  captains  with  private  marks,  and 
guarded  day  and  night  till  such  time  as  the  advance  of  the  timbering 
permits  of  a  further  length  being  excavated.  This  is  done  in  the 
presence  of  the  head  captain,  who  himself  takes  out  the  veinstuff  and  fills 
it  into  boxes,  which  are  locked  up  by  him  and  sent  under  guard  to  the 
reduction  department.  It  should  be  mentioned  that  the  various  entrances 
to  the  mine  are  locked  up  at  night,  and  all  men  are  searched  and  have  to 
change  under  inspection  when  lines  are  open  in  the  mine.  There  has 
been  both  trouble  and  bloodshed  in  the  past  through  gold- stealing,  and 
life  has  been  lost  in  consequence. 

The  mine  is  ventilated  by  means  of  an  air-shaft  parallel  to  and  above 
tlie  main  shaft.  From  the  bottom  of  the  air-shaft  wrought-iron  air- pipes 
are  led  into  the  different  workings,  and  an  exhaust  fan  at  the  surface 
(driven  off  the  main  engine)  keeps  the  mine  as  a  rule  well  ventilated. 
In  certain  states  of  the  atmosphere,  however,  the  air  is  very  dead,  and 
what  with  the  gases  given  off  by  the  formation  itself  and  the  great  masses 
of  decaying  timber  in  the  mine,  care  has  to  be  observed  to  avoid  accidents 

The  mine  being  situated  in  a  ravine  sheltered  from  winds,  but  exposed 
to  the  full  glare  of  a  tropical  sun,  causes  the  question  of  ventilation  to 
become  occasionally  inconveniently  complicated  and  the  temperature 
underground  somewhat  high. 

The  lowest  parts  of  the  mine  remained  under  water  from  1880  to 
1890,  when,  the  necessary  machinery  for  draining  it  having  been  erected, 
the  work  of  clearing  out  the  old  workings  was  commenced.  These  were 
found  to  have  been  filled  up  with  the  finest  jacotinga  carried  in,  and 
gradually  deposited  by  the  water  until  a  mass  had  been  formed,  having 
the  weight  but  not  the  stability  even  of  the  solid  formation  when  wet. 
Great  care  had  to  be  observed  to  avoid  bursts  of  water,  which,  carrying 
with  it  the  fine  jacotinga,  constantly  threatened  to  fill  the  pumps  up  solid, 
and  even  with  every  caution  would  cut  the  buckets  to  pieces,  sometimes 
after  only  half  an  hour's  working. 

The  mine  is  now  drained  by  means  of  a  5  feet  Pelton  waterwheel, 
situated  upwards  of  1,000  yards  from  the  mouth  of  the  shaft. 

A  line  of  15  inches  and  13^  inches  diameter  riveted  steel  pipes  1,530 
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feet  long  brings  the  water  to  the  wheel  under  a  head  of  153  feet,  and  the 
power  generated  is  transmitted  by  an  endless  wire-rope  in  two  lengths  to 
gearwork,  situated  near  to  the  mouth  of  the  shaft,  which  changes  the 
rotary  into  a  reciprocal  motion.  The  speed  of  the  transmission  is 
upwards  of  2,000  feet  per  minute,  and  the  pulley-stands  are  of  iron,  four 
in  number  in  the  lower  half  and  five  in  the  upper  half,  carrying  two 
sheaves  9  feet  and  5  feet  in  diameter  respectively,  the  upper  sheave  being 
30  feet  above  the  ground.  The  longest  span  in  the  transmission  is  425 
feet,  and  in  this  span  the  top  or  slack  side  of  the  rope  is  supported  by  an 
intermediate  sheave.  The  gearwork  actuates  a  line  of  rods  working 
Cornish  pumps  with  15  inches  plunger  and  16  inches  bucket  lifts.  The 
amount  of  incoming  water  is  at  present  26  cubic  feet  per  minute. 

The  mineral  is  hauled  to  the  surface  by  a  mule  whim,  which  is  a 
slow  and  expensive  method  for  over  100  fathoms  of  haulage ;  but  a  line 
of  piping  is  laid  and  a  second  Pelton  waterwheel  will  drive  an  au'- 
compressor,  the  compressed  air  being  led  in  pipes  some  500  yards  to  an 
au'-winding  engine  at  the  mouth  of  the  shaft. 

Until  the  new  machinery  can  be  completed  for  stamping,  etc.,  the 
method  of  treating  the  ore  will  be  that  hitherto  practised  at  this  and  other 
mines  which  have  worked  upon  the  jacotinga-formation.  It  is  one 
capable  of  improvement,  involves  too  much  manual  labour,  not  so  much 
an  object  when  slaves  were  employed,  but  important  now  that  labour  is 
free,  scarce,  and  high  priced. 

Treatment  of  the  Ore. 

The  ore  is  sent  down  to  the  reduction  department  either  as  "general '' 
work  or  veinstuff,  the  latter  oftener  called  "  box  work  "  on  account  of  its 
being  sent  up  out  of  the  mine  in  locked  boxes  as  before  described. 

The  general  work  is  trammed  down  an  incline  in  cars  controlled  by  a 
brake  and  tipped  into  the  yard  on  the  higher  side  of  the  reduction  house, 
the  boxwork  being  reserved  for  special  treatment. 

Separate  wooden  launders,  cariying  a  stream  of  water  regulated  by 
stop-boards,  run  through  the  yard  and  discharge  upon  grizzleys  and  then 
upon  flat  copper  gratings  having  slots  f  inch  by  ^  inch  at  the  top  end  of 
each  canoa.  A  woman  is  stationed  at  each  launder  to  feed  the  ore  into  it 
regularly.  Another  native  keeps  each  grizzley  and  grating  clear  of  the 
"  roughs,"  which  are  thrown  aside  for  stamping.  Prills  of  gold  often 
come  down  in  the  general  work  and  are  picked  off  the  gratings,  a  small 
reward  being  given  to  the  native  for  each  prill  found.  The  sand  which 
passes  through  the  grating  is  carried  by  the  water  over  an  inclined  table 
provided  with  riffles  which  catch  the  heavier  gold. 
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From  this  table  it  falls  into  the  head  of  a  canoa  or  kind  of  long-torn 
having  its  narrow  end  lowest.  The  lower  end  is  provided  with  stop- 
boards,  which  are  gradually  raised  by  another  native  who  slowly  rakes 
the  rough  sand  as  it  accumulates,  back  against  the  water  to  the  head  of 
the  canoa.  A  rich  concentrate  results,  which  is  crop^xid  from  the  head  of 
the  canoa  for  separate  treatment  with  the  boxwork. 

The  sand  carried  over  the  stop-boards  at  the  lower  end  of  the  canoa 
then  flows  over  blanket-strakes  covered  with  a  rough  baize,  the  fine  sand 
escaping  and  the  rough  being  reserved  for  the  stamps.  The  blankets  are 
taken  up  at  intervals  by  women  who  attend  to  them  and  these  blankets  are 
washed  in  a  tank,  the  lowest  being  removed  and  replaced  first.  This  sand 
is  passed  through  a  special  canoa  reserved  for  the  veinstuff  and  croppiugs  of 
the  other  canoas.  Extra  care  is  given  to  the  rich  mineral  passed  through 
this  canoa  which  is  slightly  different  in  construction  from  the  others,  being 
smaller  and  having  basket  sieves  of  fine  mesh.  These  can  be  lifted  out 
for  examination  and  the  prills  picked  out.  Small  quantities  only  are 
passed  and  the  whole  operation  is  closely  watched  by  the  reduction  oflBcer 
to  prevent  theft. 

The  highly  concentrated  sand  from  the  small  canoa  is  washed  by  hand 
in  bateas  and  the  gold,  almost  clean,  is  put  into  a  locked  "  taxo." 

The  tailings  from  the  small  canoa  are  caught  and  passed  through  the 
larger  canoas  with  the  general  work  so  as  to  ensure,  so  far  as  the  process 
will  allow,  a  complete  saving  of  the  gold. 

Jiggers  were  at  one  time  emijloyed,  but  their  success  was  not  suffici- 
ently proved  to  warrant  a  further  trial  of  them  and  the  same  may  be 
said  of  buddies. 

Great  skill  is  shown  by  the  expert  user  of  the  batea,  and  a  single 
visible  particle  of  gold  will  be  shown  up  if  placed  as  a  test  in  a  wash  of 
dirt.  Women  are  employed  for  this  work  in  the  reduction-house,  and  they 
use  the  batea  -with  a  circular  sweep  and  side  shake  which  brings  the  gold 
first  to  the  centre  and  afterwards  to  the  side  of  the  batea  as  the  waste  is 
gradually  washed  away.  To  prevent  the  float- gold  from  escaping,  the 
juice  of  a  pounded  herb  is  sprinkled  upon  the  water  in  the  batea  when 
cleaning  the  gold. 

A  table  is  appended  containing  particulars  of  the  amount  of  gold 
recovered  and  the  percentage  of  loss  by  assay  for  several  years.  The  loss, 
some  35  per  cent.,  seemed  excessive  for  free  gold,  and  the  writer  sought  a 
remedy  in  a  finer  crushing  of  the  sand  than  had  hitherto  been  adopted. 
The  results  obtained  after  five  separate  crushings  and  washings  showed 
that  gold  of   the  utmost  degree  of   fineness  remained  enclosed  in  the 
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extremely  fine  sand  of  the  fourth  crushing.  Further  attention  to  this 
matter  will  be  given  when  the  work  now  in  hand  permits  of  its  being 
dealt  with. 

It  wiU  be  seen  from  the  table  that  the  amount  of  gold  extracted  from 
the  Don  Pedro  mine  during  the  period  from  1865  to  1892  amounted  to 
158,127  ounces  troy,  but  it  should  be  noted  that  mining  operations  were 
much  retarded  prior  to  1880,  in  which  year  they  stopped,  and  that  even 
now  they  have  not  been  fully  resumed. 

In  concluding  this  paper,  the  writer  would  venture  to  suggest  that  the 
interest  which  attaches  to  gold-mining  in  Brazil  is  not  so  much  due  to 
what  has  been  done,  as  to  the  possibilities  of  the  country  as  a  field  for 
future  work.  Regarded  in  this  light,  it  will  be  found  of  much  greater 
interest  and  importance  than  the  record  of  what  has  been,  up  to  the 
present,  a  mere  surface-scratching  of  a  huge  territory. 
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THE  CHOICE  OF  COARSE  AND  FINE-CRUSHING  MACHINERY 
AND  PROCESSES  OF  ORE  TREATMENT. 


By  a.  G.  CHARLETON. 


Part  I. — Introduction. 

The  title  of  this  paper  has  been  suggested  to  the  writer  by  a  most 
interesting  contribution  on  the  subject  of  gold-quartz  reduction,  read 
by  Mr.  A.  H.  Curtis,  at  a  recent  meeting  of  the  Institution  of  Civil 
Engineers,  which  the  wiiter  in  common  with  other  visitors,  had  the 
pleasure  of  hearing  discussed  at  the  two  following  sessions. 

The  subject  is  of  such  wide  scope,  that  the  writer  ventures  to  think 
some  of  the  points  Mr.  Curtis  dealt  with  may  be  enlarged  upon,  and  in 
fact  the  subject  can  be  approached  from  several  different  points  of  view 
(notably  from  a  metallurgical  one)  without  exhausting  it,  or  in  any  way 
attempting  to  trench  on  matters  which  Mr.  Curtis  has  more  particularly 
disposed  of. 

In  summing  up,  Mr.  Curtis  arrives  at  certain  general  conclusions,  which 
are  almost  entirely  in  accordance  with  the  writer's  own  experience,  viz. : — 

I. — That  the  most  suitable  machines  for  the  preliminary  coarse- 
crushing  of  nearly  all  ore?  (depending  on  individual  circumstances, 
referred  to  later  on)  come  under  one  of  the  two  following  classes  : — 

A.  Those  with  a  reciprocating-jaw  action,  either  hung  at  the  top  on 

a  rocker  shaft,  so  as  to  swing  freely  backwards  and  forwards  at 
the  bottom  (on  the  well-known  Blake  and  Marsden  principles), 
or  pivoted  at  the  lower  end,  so  as  to  move  to  the  greatest 
extent  at  the  top  (like  the  Dodge). 

B.  Those  with  a  gyratory  movement  (like  the  Gates  or  Comet  crusher). 
II. — That,  for  medium-coarse  (below  2|  inches)   to  fine-crushing, 

necessary  for  an  ore  which  has  to  be  amalgamated,  concentrated,  lixiviated, 
chlorinated,  or  treated  by  any  of  the  various  modifications  of  these  pro- 
cesses which  have  sprang  up  of  late  years  (each  with  some  special  claims 
of  its  own),  the  types  in  their  own  particular  provinces,  of  the  best  classes 
of  machinery  to  employ,  are  represented  by  : — 

C.  Gravitation  stamps. 

D.  First-motion  rolls  for  medium  and  fine  work ;  or  geared-rolls  for 

coarser  ore  sizes,  and 

E.  Centrifugal  roller-mills  (such  as  the  Huntington)  which  have 

stood  the  test  of  wide  use,  and  time. 
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If,  however,  it  is  intended  to  reduce  to  pnlp  ore  already  crushed  fine,  as 

required  in  certain  branches  of  amalgamation,  one  must  add  to  this  hst : — 

F.  Edge-roller-mills  of  the  improved  Chilian  type,  Frankfort  mills; 

and  what  are  known  in  America  as 
Gr.  Combination-pans,  a  modified  form  of  the  old  Wheeler-pan. 

Coarse-crushing. 

Although  hand-spalling  with  a  sledge  still  holds  its  own  for  breaking 
gold-quartz  in  a  number  of  Queensland  mills  and  other  places  where 
stereotyped  prejudice  still  holds  it  in  position,  mechanical  means  should 
generally  be  used  for  breaking  the  ore  (as  it  comes  from  the  mine) 
to  a  convenient  size  for  its  subsequent  treatment.  The  exceptions  to 
this  rule  are  :  If  the  stone  contains  mineral,  which  can  be  picked  out  at 
once  and  shipped  to  smelting-works  to  be  otherwise  dealt  with ;  if  manual 
labour  be  exceptionally  efficient  and  cheap  ;  if  power  of  any  sort  be 
exceptionally  dear ;  if  the  location  of  the  mine*  render  the  transport 
and  operation  of  heavy  machinery  practically  out  of  the  question ;  or 
if  the  location  of  an  existing  mill  of  old  construction  will  not  allow  of 
the  introduction  of  an  ore-breaker  with  its  accompanying  bins,  grizzleys 
and  automatic-feeders,  etc.  In  point  of  fact  the  first  is  the  only  case 
in  which  spalhng  can  compete  with  rock-breakers  in  a  modern  mill 
properly  located  and  arranged,!  as  for  instance,  where  a  concentrating 
ore  carries  some  such  combination  as  argentiferous  galena  and  zinc  blende, 
mixed  with  carbonate  of  lead,  and  copper  pyrites  or  iron  pyrites,  spathic 
iron  and  quartz.  The  result  of  crushing  ore  Hke  this,  would  be  to  break 
up  much  of  the  blende,  pyrites,  etc.,  into  grains,  which,  with  specific 
gravity  ranging  only  from  3'9  to  5*1,  could  not  be  thoroughly  separated 
from  one  another  by  jigging,  or  any  other  mechanical  dressing  process. 
A  mixture  of  these  minerals|  has  no  market,  and  hence  crushing  without 
some  previous  selection  would  obviously  result  in  loss. 

The  ore  for  example  at  Ems  which  is  divided  into  (1)  rich  galena 
ore  ;  (2)  cobbing  ore  ;  (3)  pyritiferous  cobbing  ore  ;  and  (4)  barren  rock 
furnishes  an  illustration  given  by  Kunhardt.  § 

In  many  localities,  however,  as  he  remarks,  loss  or  no  loss,  the  value  of 
labour  is  too  high  to  admit  of  spalling  and  cobbing  being  carried 
out  together  (as  they  ha^e  to  be  in  such  cases)  and  at  best  it  is  a  pain- 

*  Since  the  introduction  of  sectionalized  machinery  and  the  application  of 
electricity  to  long-distance  transmission,  remoteness  from  civilization  influences 
this  aspect  of  the  question,  more  than  local  engineering  obstacles. 

t  Assuming  it  to  have  a  capacity  of  20  tons  a  day,  or  anything  over  that  amount. 

j  A  bove  certain  proportions  small  enough  to  be  neglected. 

§  School  of  Mines  Quarterly,  series  2.     "The  Art  of  Ore  Dressing  in  Europe." 


PROCESSES   OF   ORE   TREATMENT.  89 

fully  primitive  practice,  which,  carried  out  on  a  large  scale,  retards  or  even 
prevents,  by  the  sedentary  nature  of  the  work,  a  healthy  physical  develop- 
ment of  the  youth  of  the  mining  population,  though  on  the  other  hand,  it 
certainly  tends  to  stimulate  their  faculties  of  observation. 

In  class  A,  the  best-known  crushers  are  the  Blake  and  Blake-Marsden 
stone-breakers. 

The  Blake-Marsden  hand-hammer-action  crusher  takes,  it  is  claimed, 
less  power  to  get  through  a  given  amount  of  work  than  the  Blake ;  never- 
theless it  does  not  appear  to  have  come  into  such  general  favour  for 
mining  pui-poses.  Perhaps  this  may  be  accounted  for  by  its  greater  prime 
cost,  weight,  and  the  large  space  it  occupies,  for  it  seems  a  simple  and 
well-built  machine. 

The  chief  disadvantages,  which  attach  to  the  use  of  the  above  class 
of  ore-breakers,  are  : — 

(a)  That  the  moving  jaw  only  does  effective  work  during  the  forward 

stroke,  rendering  the  action  an  intermittent  one. 

(b)  That  thin,  flat  pieces  of  rock  may  at  times  pass  the  jaws  without 

being  broken,  an  objection,  it  may  be  remarked,  which  is  not 
of  very  great  consequence  to  the  miner,  unless  the  product  of 
the  machine  is  unusually  large,  and  goes  direct  to  automatic 
feeders. 

(c)  That  the  stone  leaving  the  machines  is  of  continually  varying 

sizes. 
With  regard  to  the  Dodge,  its  special  advantages  are  : — 

(a)  Its  light  w^eight. 

(b)  The  jaw  being  fixed  at  the  bottom,  (1)  the  size  of  the  product 
can  be  more  easily  regulated;  (2)  is  more  uniform  in  size; 
and  (3)  the  stone  can  be  crushed  down  finer  than  with  cmshers 
of  the  preceding  class. 

The  Dodge  is  more  particularly  recommended  on  these  grounds,  for 
fine-crushing  in  concentration-works,  although  its  capacity  is  more  or  less 
limited  as  compared  with  the  Blake,  owing  to  the  fact  that  it  gives  a 
finer  product. 

It  should  also  meet  a  want  in  small  mills,  which  cannot  keep  a  more 
powerful  breaker  fully  employed,  or  as  a  preparatory  machine  for  finer 
crushing,  in  Rolls  or  a  Huntington. 

Belonging  to  class  B  there  are : — 

1.  The  Gates  or  Comet  Rock  and  Ore-hreaher. — Owing  to  the  gyratory 
movement  of  the  breaking-head  of  this  machine  on  an  eccentric,  within  a 
circular  outer  shell,  which  is  protected  with  toothed  liners,  and  is  shaped 
like  an  inverted  cone,  it  is  claimed : — 
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(a)  That  flat  pieces  of  rock  cannot  pass  through  it  uncrashed  to  the 
same  extent,  as  in  a  machine  with  reciprocating-jaws. 

(b)  That  as  the  area  of  breaking-surface  increases  towards  the  dis- 

charge end,  the  material  as  it  is  broken  smaller  is  spread  over 
a  larger  space,  which  results  in  finer  crushing  than  is  practi- 
cable with  a  reciprocating  jaw-machine. 

(c)  That  as  the  head  is  loose  on  the  eccentric  spindle,  there  is  no 

grinding  action,  and  there  is  a  line  of  crushing-surface  from 
top  to  bottom  of  the  head  and  liners  in  constant  action. 

(d)  The  area  of  breaking-surface  is  about  three  times  as  great  as  in 
reciprocating  machines  of  similar  power.  This  seems  to  admit 
of  the  machine  doing  nearly  treble  the  work  in  any  given  time, 
driven  at  the  same  speed,  and  of  tipping  into  it  large  quanti- 
ties of  stone  (using  a  hopper) ;  dispensing  with  much  of  the 
attention  necessary  with  machines  belonging  to  class  A. 

(e)  That,  having  a  comparatively  small  crushing-surface  acting  con- 

tinuously, dispensing  with  a  fly-wheel  to  store  up  power  (part 

of  which  is  wasted),  and  the  rock  which  is  to  be  broken  being 

supported  at  its  ends  only,  in  the  circular  crushing-chamber, 

less  power  is  required,  as  compared  with  a  jaw  machine,  to  do 

a  given  amount  of  work. 

Quoting  the  report  of  a  committee,  on  a  competitive  trial  between  a 

9  inches  by  15  inches  Blake-Marsdeu,  and  a  9  inches  by  14  inches  Gates,  at 

Meriden,  Connecticut,  on  May  30th,  1883,  the  makers  of  the  Gates  assert 

that,  crushing  the  same  kind  of  stone  to  an  equal  size,  the  latter  machine 

crushed  over  three  times  as  much  in  a  given  time,  and  showed  a  saving  of 

about  33  per  cent,  of  the  indicated  power  consumed  in  doing  the  work. 

On  the  other  side,  it  must  be  said,  that  a  Gates  of  an  equal  capacity 
will  not  take  in  a  lump  of  rock  of  as  large  sectional  dimensions  as  a  Blake 
or  Marsden ;  and  the  latter  machines  have  the  advantage  in  respect  of 
weight  and  prime  cost ;  the  price  of  the  large  sizes  is  in  fact  extremely 
heavy,  and  the  height  of  the  Gates  is  also  a  disadvantage,  where  fall  has 
to  be  economized.  The  injury  done  to  the  machine,  which  might  result 
from  a  hammer  head,  or  drill  falling  into  it  (a  not  unfrequent  occmTence 
through  carelessness,  or  occasionally  other  reasons)  has  also  to  be  con- 
sidered, and  there  is  no  doubt  that  the  Gates  requires  particular  attention, 
in  keeping  it  properly  lubricated  with  suitable  lard,  or  heavy  lubricating 
oil.    The  head  and  liners  are  made  of  specially  chilled,  cast  white-iron. 

There  is  one  particular  case,  however,  which  should  be  pointed  out, 
in  which  the  Gates  seems  to  possess  very  special  advantages  over  other 
crushei-s,  and  that  is,  where  there  is  a  wide  lode  yielding  large  quantities 
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of  milling  ore,  in  which  the  stone  breaks  "  large "  in  stoping  it  down, 
and  requires  in  consequence  to  be  spaUed,  to  get  it  into  the  jaws  of  an 
ordinary  breaker.  Under  such  circumstances,  a  Gates  may  obviously 
serve  a  very  useful  purpose  indeed,  as  the  larger  sizes  will  take  in 
whole  lumps,  as  big  as  can  be  handled,  and  by  this  means  the  tedious  and 
expensive  process  of  breaking  in  the  mine,  or  "  breaker-floor,"  is  avoided. 
The  measure  of  economy  in  using  a  large  sized  breaker  of  the  kind  will 
necessarily  depend,  however,  on  being  able  to  keep  it  fully  employed,  as  well 
as  possessing  ample  storage-bin  room  and  driving  power.  As  an  instance 
of  the  work  it  can  accomplish  under  such  circumstances,  the  Caledonia  mill 
in  Dakota  may  be  quoted,*  where  one  No.  6  Gates,  with  receiving-open- 
ings 12  inches  by  18  inches,  attended  by  one  man,  crushed  200  tons  in  10 
hours,  and  did  the  work  formerly  set  for  three  No.  5  Blakes  (the  largest 
ordinary  pattern  in  the  market),  with  a  receiving-opening  9  inches  by  15 
inches.  These  latter  took  five  men  20  hours,  it  is  said,  to  produce  the 
same  result,  requiring  the  same  amount  of  power.  It  is  asserted  by  the 
makers  of  the  Gates,  that  its  action  entails  less  stress  on  the  structure 
it  is  mounted  upon,  than  is  the  case  with  a  reciprocating  breaker,  but 
one  is  somewhat  inclined  to  doubt  whether  this  holds  good  in  starting  it 
when  empty,  whatever  may  be  the  case  whilst  it  is  running  full. 

Its  size,  and  weight,  must  evidently  be  special  objections,  when  it  has  to 
be  mounted  on  a  lofty  structure  (like  the  back  floor  of  a  stamp  mill);  and 
where  the  stone  is  divided,  along  a  long  line  of  bins,  the  advantage  of  using 
one  large  machine,  is  more  or  less  offset  by  the  difficulty  of  distributing 
the  ore  between  them,  unless  there  is  an  exceptionally  large  fall  to  spare. 
Under  such  circumstances  the  only  practical  escape  from  the  difficulty, 
is  to  set  the  breaker  apart  from  the  mill  (if  possible  close  to  the  shaft) ; 
and  it  is  not  improbable  that  this  is,  as  a  rule,  (where  the  mine  and  mill 
are  owned  by  the  same  company,  and  the  former  keeps  the  latter  entirely 
occupied),  the  best  disposition  to  adopt.  This  does  away  with  much  of 
the  dust,  which  plays  havoc  with  the  bearings  of  the  other  machinery  of 
the  mill,  permits  of  lighter  framing  for  foundations  and  superstructure,  less 
grading  (in  some  cases),t  and  a  smaller  annexe  to  the  main  building, 

2.—T]ie  Lowry  Ore-breaker.— L  second  form  of  gyratory  crusher 
has  quite  recently  been  introduced  by  the  National  Machinery  Co.,  of 
Tiffin,  Ohio. 

*  "  Gold-milling  in  the  Black  Hills,"  by  H.  0.  Hofman.  Trans.  Am.  Inst.  Min. 
E.,  vol.  xvii.,  page  498. 

t  When  rock-breakers  and  ore-bins  are  used  with  automatic-feeders  at  the  back 
of  a  stamp-battery,  which  has  tables  and  concentrators  below  it,  the  least  practi- 
cable fall  that  ensures  the  automatic  movement  of  the  ore  through  the  various  stages 
of  the  process  is  about  33  feet  from  the  rock-breaker  to  the  concentrator  floor. 
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A  description  of  this  crusher  appeared  in  the  New  York  Mining 
Journal  oi  December  5th,  1891. 

Its  construction  is  illustrated  by  a  diagram,  which  shows  it  in 
section,  with  a  removable  revolving  top  for  fine-crushing,  containing  two 
or  more  holes,  to  regulate  and  spread  the  stone  round  the  breaker-head. 
The  ore  is  thrown  into  a  hopper,  and  is  discharged  as  fast  as  it  is  broken, 
avoiding  any  danger  of  clogging.  The  Lowiy  ore-breaker  appears  to 
occupy  the  same  position  with  regard  to  the  Gates,  that  the  Dodge  does  to 
the  Blake,  as  the  vertical  shaft  is  fulcrumed  below  the  crusher-head 
instead  of  above  it ;  consequently  there  is  less  motion,  so  it  is  asserted,  at 
the  bottom  of  the  jaw,  and  the  product  is  said  to  be  more  even  than  that 
of  any  of  the  jaw-crushers,  in  which  the  jaw  is  pivoted  at  the  top,  a  state- 
ment which  is  no  doubt  correct. 

The  chiUed-iron  head  or  cone  appears  smaller  in  the  Lowry  breaker 
than  in  the  Gates.  The  chilled-iron  ring  or  liner,  which  forms  the  outer 
crushing-face  is  cast  in  one  solid  piece,  having  a  solid  turned  bearing  and 
supporting-backing  behind  it.  The  machine  is  adjusted  for  crushing 
to  various  sizes  by  screws  at  the  side  of  the  crushing  mortar,  by  which  the 
liner  can  be  raised  or  lowered.  This  is  done  to  obviate  the  necessity  of 
lifting  the  vertical  shaft,  carrying  the  crusher-head,  the  bottom  of  which 
always  remains  in  the  oil  chamber  of  the  eccentric,  at  the  base  of  the 
machine.  The  vertical  shaft  is  driven  by  ropes  with  sufficient  laps  round 
the  pulleys,  and  with  provision  for  adjustment  in  the  tension-pulley. 

As  one  of  the  chief  advantages  of  this  machine,  the  manufacturers 
claim  that  the  crusher-head  strikes  downward,  and  has  a  tendency  to 
draw  in  the  material  to  be  crushed,  which  would  not  be  the  case  if  the 
vertical  shaft  were  fulcrumed  at  the  top. 

These  breakers  are  made  in  nine  sizes,  having  a  capacity  varying 
between  5  and  250  tons  per  hour. 

"Without  having  seen  both  machines  at  work  and  knowing  more  about 
the  Lowry,  it  is  impossible  to  institute  a  fair  comparison  between  it  and 
the  Gates.  But  it  is  probable  that,  comparing  the  former  with  recipro- 
cating-jaw  machines,  most  of  the  arguments  for  and  against  the  Gates 
seem  to  apply  equally  to  its  new  competitor. 

The  purpose  for  which  an  ore-breaker  is  intended,  its  capacity,  saving 
in  space  occupied,  weight,  quickness  in  setting  to  work,  ease  of  repair, 
simplicity  of  construction,  wear  per  ton  of  ore,  liability  to  serious  or  minor 
accidents,  first  cost,  and  consumption  of  labour  in  attendance,  lubricants, 
and  power  required  per  ton  of  ore  crushed,  will  all  influence  the  choice 
of  a  machine,  and  no  hard-and-fast  Line  can  be  drawn,  between  the 
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various  coarse-crushers  which  have  been  mentioned,  each  possessing  a 
sphere  of  usefulness  of  its  own.  In  fact,  as  some  of  the  above  conditions 
are  to  a  certain  extent  conflicting,  a  careful  consideration  of  the  par- 
ticular circumstances  of  each  case  is  absolutely  necessary.  In  judging 
of  the  relative  economy  of  different  crushers  in  regard  to  consump- 
tion of  power,  it  is  perfectly  correct  that  the  only  true  test  of  their 
efficiency  is  the  actual,  indicated,  useful  effect  shown  per  lb.  of  fuel  burnt 
in  cubing  a  certain  class  of  stone  to  a  given  size.  This  method  of  com- 
parison is,  not  however,  so  entirely  reliable  as  would  at  first  sight  appear, 
unless  the  machines  under  trial  be  driven  with  the  same  engines  and 
boilers,  by  the  same  enginemen. 

The  consumption  of  fuel  will,  in  fact,  differ  in  different  works,  accord- 
ing to  its  quality  or  description,  the  size  and  type  of  engine  and  boiler 
employed,  and  the  care  bestowed  in  looking  after  them. 

Further  than  this,  it  is  absolutely  necessary  to  compare  the  exact  time 
the  crushing  lasted,  deducting  all  stoppages,  since  an  engine  which  is  idle, 
during  the  time  the  boiler  fire  is  alight,  may  be  consuming — in  proportion 
to  the  useful  work  done — much  more  fuel  than  either  the  indicated  or 
real  horse-power  (measured  while  the  engine  was  working)  would  lead  one 
to  suppose.  The  different  sizes,  weights,  capacities,  size  to  which  the 
stone  is  cubed,  size  and  speed  of  driving-pulleys,  nominal  horse-power 
expended,  and  cost  of  the  Blake,  Blake-Marsden,  Dodge,  Gates,  and 
Lowry  ore-crushers,  are  given  in  the  subjoined  tables,  as  far  as  it  is 
possible  to  ascertain  them. 

Dimensions,  Peices,  and  Product  op  the  Blake  Stone-  and  Ore- 
Breaker.* 


No.t 

Size  of 
Receiv- 
ing 
Open- 
ing. 

Approxi- 
mate 
Product 
per  Hour 
in  Tons 
crushed  to 
2  inch  size 

Weight 
of 

Heavi- 
est 

Piece, 

Total 
Weight. 

Extreme  Dimensions. 

Driving 
Pulley. 

•6  a 

Is 

CO  53 

S  » 
a™ 

^P5 

t 
1 

Price 

F.O.B. 

Chicago. 

i 

a 
i3 

1 

P3 

1 

i 

s 

1 

... 

Inches. 
3xli 

Laboratory 

Lbs. 
40 

Lbs. 
100 

Ft.  In. 
1       1 

Ft.  In. 
0     6 

Ft.  In. 
0   10 

Ft.  In. 
0      5 

Ft.  In. 
0    1 

300 

... 

£     s.    d. 
10    8    4 

A 

10x4 

i 

1,993 

4,719 

4     6 

4     0 

3    11 

1     8 

0    <5 

4 

62  10    0 

2 

10x7 

61 

3,950 

7,896 

5     4 

4     6 

4     5 

2     0 

0    71 

275 

7 

104    3   4 

5 

15x9 

lot 

7,179 

15,749 

6     8 

5     0 

5     3 

2     6 

0    9 

10 

156    5   0 

8 

20x10 

m 

7,700 

17,000 

6  10 

5     9 

5  11 

3     0 

1    0 

250 

14 

218  15   0 

*  Messrs.  Fraser  and  Chalmers'  Catalogue,  No.  4  (Gold  and  Silver  Mills),  and 
Egleston's  Silver,  page  358. 

•)•  There  are  various  intermediate  sizes  not  mentioned  in  the  table ;  the  20  inches 
by  15  inches,  with  a  product  of  20  tons  per  hour,  being  the  largest. 
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£       8. 

d. 

62  10 

0 

29     1 

3 

30     0 

0 

51  12 

6 

Size  A — Takes  pieces  4  inches  thick,  and  crushes  to  ^  inch  or  less.  2 — 

Takes  pieces  7  inches  thick,  and  crushes  to  |  inch  or  less.     3  and  4  are 

used  for  road-ballast,  furnaces,  and  breaking  smaller  for  other  crushers. 

Mr.  H.  S.  Munroe*  places  the  cost  of  repairs  for  eight  7  inches  by  15 

inches  lever-pattern  crushers  (Blakes)  with  corrugated  jaws,  estimated  to 

have  crushed  224,203  tons  of  limestone,  at  Bonne  Terre,  Missouri,  in  12 

months,  at : — 

12  levers,  at  $25-00 

9  jaw-plates,  at  Sl.l-OO         

12  jaw-plates,  at  SI  200        

Toggles,  check-plates,  and  sundries 

Total  cost £173     3     9 

This  represents  an  average  of  about  £20  16s.  8d.  for  each  crusher, 
breaking  80  tons  per  diem,  to  1|  inches,  but  does  not  include  the  cost  of 
babbitting  bearings,  or  labour  in  making  repairs. 

From  these  data,  the  average  life  of  the  wearing  parts  of  a  jaw- 
crusher,  appears  (similarly  circumstanced)  to  be  about  8  months. 

The  lower  box  of  the  pitman-shaft  must  be  packed  with  thin  wood 
packing,  to  prevent  the  key  tightening  the  box  to  the  shaft.  Iron  plugs 
should  be  kept  in  the  oil-holes,  and  if  the  fixed  jaw  requires  to  be  cast- 
up,  it  should  be  backed  with  zinc  plate  about  J  inch  thick. 

The  amount  of  product  depends  on  the  distance  the  jaws  are  set  ajiart, 
the  speed,  and  also  on  the  nature  of  the  ore. 

The  product  given  in  the  table  assumes  the  jaws  set  1^  inches  open 
at  the  bottom,  the  machine  run  at  proper  speed,  and  properly  fed,  but  it 
will  vary  somewhat  with  the  character  of  the  stone,  brittle  stone  for 
instance  going  through  faster  than  sandstone. 

The  No.  2  Blake  is  made  in  sections  for  mountain  transport.  Total 
weight,  6,881  lbs. ;  cost,  £145  16s.  8d.  No  piece  of  this  machine  weighs 
over  332  lbs. 

DiMEKSIONS,  PeICES,  AND   PKODUCT  OP  THE   DODGE   CEUSHEB.  f 


No. 

Size  of 

Jaw 

Opening. 

Approximate 
Product 

per  Hour  to 
Nut  Size. 

Total 
Weight. 

Driving 

Pulley. 

Diameter. 

Width 
of 

Belt 
used. 

Proper 
Speed. 
Revolu- 
tions 
per 
Minute. 

H.P. 

Required. 

Price  F.o.B. 
Chicago, 
Complete. 

1 
2 
3 
i 

Inches. 
4x6 
7x9 
8x12 

10x16 

Tons. 

i-l 
1—3 
2—5 
5—8 

Lbs. 
1,200 
4,300 
5,600 
12,000 

Inches. 
20 
24 
30 
36 

Inches. 
4 
5 
6 
8 

275 
235 
220 
200 

2—4 

4—8 

8—12 

12—18 

£      s.     d. 

52      1      8 

93  15     0 

114  11     8 

187  10     0 

*  "  The  New  Dressing  Works  of  the  St.  Joseph  Lead  Company."     Trans.  Am. 
Inst.  Mm.  E.,  vol.  xvii.,  page  659. 

f  Messrs,  Fraser  and  Chalmers'  Catalogue,  No.  4. 
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Dimensions,  Prices,  and  Product  of  the  Blake-Marsden  (with  Lever 
AND  Eccentric  Motion)  Stone-breakers.* 


Size  of 
Receiving 
Opening. 

Approximate 

Product 
per  Hour  to 
Road  Metal 

Size, 
2J  Inches. 

Total 
Weight 
of 
Ma- 
chine. 

Extreme  Dimensions. 

Driving  Pulley. 

Proper 
Speed. 
Revolu- 
tions 
per 
Minute. 

H.P. 

Re- 
quired. 

Price. 

1 

i 
1 

3 
S 

Inches. 

12x8 

Tons.  Cwts. 
5        8 

Lbs. 
10,080 

Ft.  In. 
8      1 

Ft.  In. 
3      7 

Ft.  In. 
4     9^ 

Ft.  In. 
2     0 

Ft.  In. 
0      5 

5 

£ 
113 

15  X  8 

6      5 

12,880 

8     9^ 

4  10 

6     3 

2     6 

0     6 

7 

135 

15x10 

7    10 

15,680 

8     9i 

4  10 

5     3 

2     6 

0     7 

to 

a 

8 

150 

18x9 

8    15 

17,584 

8  11 

4  11 

5     OJ 

3     0 

0     7 

1 

9 

165 

20x10 

10      0 

22,400 

9  11 

5     5 

5     4i 

3     0 

0     7 

o 
> 

10 

180 

24x13 

15      0 

30,240 

10     6i 

5     8^ 

6     7i 

3     0 

0     9 

o 
o 

12 

263 

24x16 

16      0 

31,360 

10     6^ 

5     Si 

6     7h 

3     0 

0     9 

2 

14 

275 

24x17 

16      5 

31,920 

10     6i 

5     81 

6    7^ 

3     0 

0     9 

o 

14 

282 

30x18 

20      6 

33,600 

18 

375 

34x18 

23      2 

42,560 

20 

413 

The  makers  state  that  it  is  advisable  to  use  an  engine  of  2  horse-power 
more  than  stated  in  the  table,  as  it  is  more  economical  to  run  a  larger  engine, 
than  to  run  one  up  to  its  full  power  (this  remark  also  applies  to  the  Blake 
and  the  Gates  crushers).     The  principal  working  parts  are  aU  crucible  steel 


Dimensions,  Prices,  and  Product  of  the  Gates  or  Comet  Ore-crusher. 

1 

02 

Dimen- 
sions of 
the  Three 
Receiving 
Openings 
com- 
bined. 

Dimen- 
sions 
of  each 
Receiv- 
ing 
Opeu- 
iug. 
about. 

"o 
1 

Capacity 
per  Hour 
in  Tons  of 
2,000  Lbs. 
passing 
2i  inches 
King  ac- 
cording to 
Character 
of  Ore. 

1 
Dimen- 
sions of 
Driving 
Pulley. 

Space  occupied 
byBreakersetup. 

o 
u  u 

CM 
O 

.2  & 
.2  "3 

H.P.  of  Engine 

recommended 

to  drive 

Brealier, 

Elevator, 

and  Screen. 

Net 
Price 

F.O.B. 

London. 

2'^  c 

In. 
24 

48 

o    ■ 
5  2 

CM 

0     . 

a  u 

B 
.3 
R 

In. 

8 

16 

1 

In. 
2f 

6 

Hl-S 

a   . 

00 
0 

Inches. 
2x12 

4x30 

Inches. 
2x4 

4x10 

Lbs. 
500 

3,100 

("Labora-    "» 
<  tory   and  >- 
(.sampling  J 

2—4 

In. 

17 

30 

In. 
26 

73 

In. 
13 

28 

700 
500 

4 

4 

£ 
25 

85 

1 

5x36 

5x12 

5,500 

4—8 

20 

7 

54 

31 

76 

37^475 

8 

8 

125 

2 

6x42 

6x14 

7,800 

6—12 

24 

8 

60 

39 

90 

39| 

450 

12 

15 

165 

3 

7x  45 

7x  15 

13,500 

10—20 

28 

10 

73 

48 

103 

44^ 

425 

20 

30 

250 

4 

8x54 

8x18 

20,000 

15—30 

32 

12 

85 

54 

114 

51 

400 

30 

40 

400 

5 

10x60 

10x20 

27,000 

25—40 

36 

14 

96 

63 

123 

59 

375 

40 

50 

500 

6 

11x72 

11x24 

36,000 

30—60 

40 

16 

109 

73 

139 

66 

350 

50 

60 

725 

n 

13x90 

13x30 

60,000 

40—75 

48 

18 

116 

73 

144 

120 

350 

60 

75 

1,040 

8 

18x135  18x45 

89,000 

100—150 

48 

20 

156 

90 

164 

132 

350 

125 

150 

1.450 

*  Makers'  catalogue  and  correspondence. 
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The  power  required  per  ton  will,  of  course,  vary  with  the  size  to  which 
the  stone  is  broken,  requiring  additional  power,  to  break  it  smaller  than 
ordinary  macadam. 

An  elevator  and  screen  are  used  when  it  is  desired  to  break  everything 
down  to  I  inch. 

If  the  product  is  not  required  smaller  than  |  inch,  and  some  "spalls" 
are  not  objectionable,  the  screen  and  elevator  are  not  needed. 

Prices  of  Gates'  breakers  with  revolving  screen  and  return-elevator 
fitted  complete,  on  frame ;  size  0,  with  24  inches  by  36  inches  revolving 
screen,  £156  ;  size  1,  with  24  inches  by  36  inches  revolving  screen,  £208; 
size  2,  with  24  inches  by  36  inches  revolving  screen,  £250  ;*size  3,  with 
24  inches  by  36  inches  revolving  screen,  £354. 

Elevators  24  feet  between  centres,  including  connexions,  range  in 
price  for  the  various  size  breakers  (from  1  to  7)  from  £56  to  £127,  and 
weigh  from  2,000  to  5,000  lbs.  Revolving  screens,  with  dust  jackets, 
cost  from  £42  to  £146  (exclusive  of  connexions)  and  weigh  2,000  to 
8,000  lbs. 

Medium-coarse  and  Fine-crushing. 

From  the  point  of  view  of  the  mechanical  engineer  the  superiority  of 
one  machine  of  class  II.  over  another,  for  the  reduction  of  a  certain  kind 
of  stone  (say  granite),  can  in  a  measure,  be  pretty  easily  demonstrated, 
but  the  question  as  a  miner  requires  to  look  at  it,  becomes  one  of  extreme 
complexity,  as  the  factors  to  be  dealt  with  are  variable  and  conflicting, 
in  more  ways  than  one. 

Viewed  in  this  light,  if  the  field  of  salection  be  limited,  merely  to  the 
three  classes  of  crushers  particularized  on  page  87  the  choice  of  the  best 
for  any  special  case,  appears  to  depend  on  three  equally  important 
considerations,  which  are  altogether  outside  the  primary  question  of  the 
mechanical  merits  or  demerits  of  a  particular  machine,  and  it  is  here  that 
the  experience  of  the  mining  engineer  is  called  into  play. 

To  arrive  at  a  trustworthy  solution  of  the  problem,  he  must  take 
into  consideration  : — 1st,  the  character  of  the  ore  itself  and  its 
associated  gangue  ;  2nd,  the  degree  of  comminution  to  which  it  is 
desirable  to  can-y  reduction  in  order  to  get  the  best  results  out  of  any 
particular  system  of  treatment  that  may  be  adopted  ;  whilst  in  some 
cases,  the  location  of  the  mine  and  the  nature  and  position  of  the  mill  site, 
also  form  a  3rd  factor  of  the  question. 
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To  put  the  matter  in  a  nut  shell  and  go  a  step  farther,  it  may  be 
laid  down  as  a  rule,  that  setting  aside  any  other  machines  which  have 
claims  to  attention,  where  one  of  the  three  classes  of  crushers  (stamps, 
rolls,  and  roller-mills)  now  under  consideration  is  found,  commercially 
speaking,  to  best  meet  the  needs  of  the  miner  in  any  one  instance,  it  is 
most  unlikely  that  either  of  the  other  two  types,  will  be  found  suited  to 
the  requirements  of  the  same  case  ;  if  indeed,  they  did  not  turn  out  on 
trial  absolute  failures,  supposing  one  kind  of  machine  to  be  substituted  for 
another. 

An  ideal  "  reduction  plant,"  would  have  to  establish  a  claim  to 
extract  the  largest  percentage  possible  of  gold  or  other  metal  automatic- 
ally in  the  shortest  possible  time,  and  in  the  simplest  possible  manner, 
combining  capacity  for  expeditiously  reducing  the  greatest  quantity  of  ore 
in  a  given  time  to  any  desired  point  of  fineness,  with  a  minimum  produc- 
tion of  fines  or  slimes ;  it  should  further  possess  strength  and  durability 
without  being  cumbersome,  and  have  as  few  working-parts  and  auxiliary 
appliances  connected  with  it  as  possible.  Now,  while  this  acme  of 
mechanical  and  metallurgical  perfection  combined  has  yet  to  be  invented, 
the  success  of  one  type  of  crusher  as  against  another  in  various  instances, 
may  be  directly  traced  to  the  fact  that  some  of  those  features  which 
are  wanting  in  one  class  of  machine,  are  found  more  or  less  devel- 
oped in  one  or  other  of  its  competitors.  In  selecting  the  most  suit- 
able machinery  for  his  own  particular  object  it  is  therefore  incumbent 
on  the  miner  not  to  lose  sight  of  the  points  that  have  been  indicated,  as 
they  may  relatively  affect  in  a  diiferent  degree  the  circumstances  he 
happens  to  have  to  deal  with. 

The  adaptability  of  the  plant  in  the  foregoing  respects,  however,  is 
not  everything,  as  the  outlay  it  may  involve  must  after  all  be  justified  by 
the  returns  it  will  yield.     He  has  therefore  to  compare  : — 

1.  The  prime  cost  and  weight  of  each  class  of  machinery,  with  its 

indispensable  adjuncts  for  extracting  the  commercially  valu- 
able metals  from  any  particular  ore,  representing  a  very 
variable  capital  outlay  to  produce  a  given  result. 

2.  The  simplicity  or  complexity  of  the  entire  plant  in  each  case. 

not  only  with  regard  to  cost  of  repairs,  but  also  the  time  lost 
in  maintaining  it  in  running  order  in  out-of-the-way  places, 
difiicult  of  communication,  and  where  skilled  labour  is  perhaps 
not  available. 

3.  The  relative   time   required   to  erect   each    different   class  of 

machinery ;  and  lastly. 
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4,  The  comparative  costs  (both  in  regard  to  quantity  and  price)  of 
labour,  fuel,  oil,  etc.,  required  to  run  a  given  class  of  plant  in 
a  certain  locality. 

Under  these  circumstances,  with  the  limited  data  possessed  at  present 
in  the  shape  of  independent  figures  throwing  light  on  many  of  these 
questions  of  relative  efficiency  and  cost,  at  most  only  general  statements 
can  be  made ;  and  any  attempt  to  assert  the  adaptability  or  superiority  of 
one  machine  or  class  of  machines  for  all  cases,  must  infallibly  break 
down. 

Each  form  of  crushing  machinery  has  its  champions  and  detractors  who 
freely  express  themselves  for  or  against  it,  according  to  the  measure  of 
success  it  happens  to  have  achieved  merely  in  their  own  limited  personal 
experience;  and  where  failure  occurs  the  machine  not  unfrequently  is 
blamed,  when  in  some  instances  it  is  owing  to  want  of  forethought  on  the 
part  of  the  purchaser  in  overlooking  natural  contingent  results,  which 
might  have  been  reasonably  foreseen  and  easily  escaped. 

The  degree  of  comminution  to  which  it  is  desirable  to  carry  reduction 
to  get  the  best  results  out  of  any  particular  system  of  treatment  rests  on 
the  general  nature  of  the  process  employed  to  extract  whatever  of  value 
the  ore  contains;  this  is  dependent  to  a  very  large  extent  on  the  ore 
itself  and  its  associated  gangue. 

The  choice  of  medium  and  fine-crushing  machinery  must  then  be  regu- 
lated, from  a  mechanical  standpoint,  as  well  as  by  the  class  of  ore  it  is 
required  to  crush,  bearing  in  mind  that  ruinous  losses  may  ensue  by  going 
to  either  extreme.  That  is  to  say,  in  selecting  a  machine,  if  crushing  is 
carried  to  an  unnecessary  degree  of  fineness,  money  is  wasted  in  doing 
unnecessary  work,  which  shows  itself  in  the  cost  sheet  at  the  end  of  the 
year,  besides  risking  various  mechanical  and  metallurgical  losses. 

Amongst  these  latter,  may  be  enumerated,  slimes  and  fine  mineral 
in  suspension,  in  concentration,  and  wet  amalgamation ;  dust  in  fur- 
nace and  other  dry  processes  ;  and  various  inconveniences  in  filtering  and 
extraction,  in  those  cases  where  ore  has  to  be  lixiviated ;  all  entailing 
extra  expense,  to  mitigate  a  difficulty  which  has  been  artificially 
created. 

If,  on  the  other  hand,  the  crushing  is  not  fine  enough,  a  proper  per- 
centage of  the  metals  (remaining  as  they  do  locked  up  in  their  stony 
envelopes)  is  not  secured.  So  that  whether  water  be  employed  to  con- 
centrate them,  mercury  to  entrap  them,  chlorine  to  attack  them,  or  some 
chemical  solution  to  extract  them,  there  is  a  more  or  less  considerable 
loss,  which  ought  to  be  carefully  studied,  for  the  purpose  of  finding  the 
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vanishing  point  (so  far  as  it  can  be  learnt)  common  to  all  these  com- 
bined sources  of  trouble. 

One  may  say  then,  that  there  is  a  certain  average  degree  of  fineness, 
to  which  it  pays  best  to  carry  reduction  in  every  process  (varying  with  the 
ore,  and  the  method  of  treatment).  But  before  this  point  can  be  settled 
it  is  necessary  to  decide  what  is  the  best  process  for  the  purpose  in  view, 
i.e.,  in  getting  the  largest  commercial  return  on  a  given  capital  outlay. 

On  these  grounds,  it  is  of  paramount  importance  that  the  chemical 
and  physical  peculiarities  of  the  ore  and  its  associated  gangue  should  be 
first  studied,  and  carefully  noted  in  connexion  with  the  local  surroundings 
of  the  works,  in  regard  to  the  character  and  cost  of  labour,  fuel,  supplies, 
and  abundance  or  absence  of  water-supply,  as  well  as  climate  and  other 
considerations,  which  must  influence  the  choice. 

To  enter  into  minute  details  concerning  the  peculiarities  of  various 
ores,  and  the  processes  of  treatment  they  might  be  subjected  to,  is  far 
beyond  the  scope  of  this  paper,  but  from  a  general  standpoint,  as  affect- 
ing the  present  question,  the  materials  (ore  and  country-rock  and 
gangue)  which  the  miner,  the  metallurgist,  and  the  mechanic,  have  alike 
to  deal  with,  may  be  divided  according  to  their  physical  characteristics, 
in  three  chief  classes  : — 

(a)  Brittle  and  hard ;  such  as  quartz,  most  pyritic  ores,  syenite,  and 
coarsely  crystalline  metamorphic  rocks. 

{h)  Tough  ;  such  as  native  copper,  gneiss,  and  most  of  the  micro  and 
crypto-crystalline  metamorphic  and  intrusive  volcanic  rocks, 
which  accompany  ore-deposits. 

(c)  Soft  or  clayey ;  these  latter  comprising  earthy  carbonates,  surface 
ores,  or  clayey  limestones,  as  well  as  some  classes  of  stone, 
comparatively  hard  and  brittle  hke  schist  but  carrying  clay- 
partings,  and  sandstone. 

When  the  different  physical  peculiarities  which  attach  to  the  first 
elementary  mineral  substance  in  the  above  list  are  considered,  it  is  seen 
what  wide  room  there  may  be  for  enquiry  in  this  direction  alone. 

Silica  which  possesses  no  doubt  a  special  interest  to  many  engineers 
when  it  takes  the  form  of  gold-quartz,  may  possess  under  certain  circum- 
stances, what  miners  term  a  kindly  appearance,  tinged  sometimes  a  light- 
grey,  blue,  or  brownish-red  colour,  combined  with  a  dark  resinous  look ; 
whilst  elsewhere  it  may  have  a  vitreous,  wet,  or  opaque-white,  hungry 
appearance,  probably  so-called  by  "  cousin  Jack,"  because  it  generally 
leaves  him  (if  he  attempts  to  work  it)  precisely  in  that  very  condition. 
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Still  some  of  the  best  specimen-quartz  is  frerinently  milky,  and  white 
as  a  hound's  tooth,  whilst  what  is  known  as  ribbon-quartz,  a  laminated 
variety  of  stone  (separated  by  thin  talc  or  chlorite-partings,  or  laminae  of 
graphitic  shale  or  slate)  is  not  unfrequently  when  met  with,  a  good  weight- 
carrier  of  metal.  All  these  physical  differences,  due  to  peculiarities  of 
hydration,  association,  and  structure,  will  influence  the  way  in  which  the 
stone  breaks,  and  therefore  affect  its  after  treatment. 

The  materials  dealt  with  by  the  mining  engineer  may,  therefore,  be 

divided  according  to  their  mineralogical  characteristics  and  metallurgical 

behaviour,  into  a  further  number  of  classes,  with  different  subdivisions: — 

{a)  Ores  of  the  base  metals,  whether  containing  gold  or  silver  or  not, 

which  have  to  be  smelted  or  treated  by  a  wet  process,  either 

with  or  without  a  previous  (hand  or  mechanical)  coarse  or  fine 

concentration,  matting,  or  roasting,  depending  on  circumstances 

which  need  not  be  enumerated. 

(b)  Ores  of  one  or  both  of  the  precious  metals,  properly  so-called, 

comprising : 

1.  Free-milling  gold  ores. 

2.  Free-milling  silver  ores. 

3.  Pyritic  ores  of  gold  and  silver. 
i.  Combinations  of  1,  2,  and  3. 
5.  Exceptional  ores. 

These  different  kinds  of  ore  may  be  subjected  to  various  processes, 
amongst  the  most  general  of  which,  for  dealing  with  free-milling* 
low-grade  gold  ores  (belonging  to  class  1)  are : — 

1.  Stamping  the  ore  wet  to  fine  size,  and  catching  the  free  gold  on 

copper  plates  (inside  and  outside  the  battery),  "with  wells  and 
mercuiy  traps,  used  as  accessories. 

2.  Wet  stamping  the  ore  coarse,  and  amalgamating  on  copper  plates, 

separating  the  coarse-sands  from  the  finer  slimes,  by  screens  or 
sizing-boxes  (in  some  cases,  preceding  or  following  this  separ- 
ation by  fine  concentration)  ;  and  regrinding  the  coarser  sands 
thus  saved,  in  Huntington  or  Chilian  mills,  or  pans  ;t  followed 
by  more  copper  plates. 

For  deahng  with  free-milling  comparatively  high-grade  ores  of  gold, 
belonging  to  class  1,  in  which  there  is  an  excessive  loss,  if  the  pre- 
viously described  systems  of  treatment  are  followed  (owing  to  the  fine 

*  A  term  implying  that  the  greater  part  of  the  gold  is  free, 
■j-  "Without  mercury  preparatory  to  re-amalgamation. 
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state  of  division  of  the  metal,  its  alloyage  with  silver,  or  some  other 
reason)  there  may  be  employed  : — 

1.  Wet  stamping,   succeeded  by  direct  pan-amalgamation  on  the 

ordinary  plan  (or  else  what  is  known  as  the  Boss  continuous 
system) ;  or  crushing  dry  (followed  in  exceptional  cases  by 
roasting)  and  then  amalgamating  in  Chilian  mills  or  pans. 
When  there  is  a  small  percentage  of  rich  sulphides  present 
(especially  if  dealing  with  a  mixed  gold  and  silver  ore)  fine,  i.e., 
table-concentration,  may  precede  or  follow  the  pan-treatment 
with  an  appreciable  saving. 

2.  In  a  few  special  cases,  like  the  Mount  Morgan  mine,  Queensland, 

ores  of  this  class   may   no   doubt   be   treated   in   bulk  with 
advantage  by  drying,  crushing  with  rolls,  partially  roasting, 
and  working  by  chlorination  in  barrels.     That  the  Mount 
Morgan  ore  may  equally  well  be  classed  amongst  the  excep- 
tional ores  (belonging  to  class  5),  becomes  evident  however, 
when  the  facts  of  the  case  are  closely  studied. 
Mr.  T.  A.  Piickard  in  a  paper  read  before  the  American  Institute  of 
Mining  Engineers,  June,  1891,  says:* — "The  complete  success  of  the 
treatment  is  largely  due  to  the  extreme  friability  of  the  ore,  which  renders 
its  pulverization  easy,  whilst  its  porosity  assists  materially  in  the  thorough 
chlorination  of  the  gold."     An  enthusiastic  writer  has  spoken  of  the  ore 
as  a  sort  of  snow-drift,  which  melts  in  the  chlorination  vats  of  the  com- 
pany, into  a  golden  sand,  such  as  might  be  supposed  to  have  been  brought 
from  the  bed  of  the  river  Pactolus,  instead   of  from  the  top  of  an 
Australian  mountain.     The  extreme  richness  of  the  stone  hitherto  avail- 
able for  treatment  in  large  quantities  (the  capacity  of  the  works  being 
1,800  tons  per  week),  the  extremely  minute  state  of  subdivision  of  the 
gold,  and  the  physical  peculiarities  of  the  ore  above  referred  to,  have  all 
tended  to  make  barrel-chlorination  applied  in  this  peculiar  way  a  success, 
where  the  stamp-mill  has  been  unsuccessful,  and  this  also  accounts  in 
no  small  degree  for  successful  crushing  of  the  ore  with  rolls. 

Mr.  Rickard  remarking  on  the  cause  of  failure  when  the  ore  was 
stamped,  says : — "  The  rock  which  the  battery  (25  stamps  at  Dee  Creek) 
was  called  upon  to  crush,  averaged  10  ounces  per  ton,  but  the  contents  of 
the  tailings  proved  of  much  greater  value  than  the  amount  of  amalgam 
obtained.  This  led  to  a  critical  examination  of  the  ore  at  the  Sydney 
Mint."  It  was  found  that  the  bullion  was  of  a  fineness  hitherto  unknown 
in  nature,  assaying  99*7  per  cent.,  occasionally  99*8  per  cent.,  of  pure 

*  Tram.  Am.  Inst.  Mm,  E.,  vol.  xx.,  page  150, 
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o^old,  the  rest  being  copper  with  a  trace  of  iron.  It  is  remarkable  as 
being  almost  entirely  free  from  silver.  Dr.  Lebius,  of  the  Sydney  Mint, 
considered  as  a  result  of  numerous  experiments,  that  the  iron  present 
was  in  the  form  of  an  oxide,  which  coated  the  gold,  and  so  prevented 
its  contact  with  mercury.  In  a  footnote  Mr.  Rickard  adds  :  "  My  own 
experience  with  the  ores  of  Gilpin  County,  Colorado,  leads  me  to  believe 
that  tlais  is  more  frequently  the  obstacle  to  successful  amalgamation  than 
is  usually  supposed. 

For  dealing  with  free-milling  silver  ores  (can-ying  less  than  6  ounces 
per  ton  of  white  metal)  belonging  to  class  2  as  a  rule  one  may  employ  : — 
1.  Wet  stamping,  followed   by  direct  amalgamation  in  pans  or 
barrels.     The  ores  of  this  class  are  limited,  only  embracing 
decomposed  surface-ores,  carbonates,  and  occasional  deposits 
of  argentite,  chlorides,  chloro-bromides,  and  native  silver. 
For  dealing  with  pyritic  ores  of  gold  and  silver,  belonging  to  class  3 
which  contain  the  larger  proportion  of  their  metallic  contents  in  combina- 
tion with  sulphides.     The  following  are  the  usual  methods  : — 
(rt)  If  the  sulphides  are  massive. 

1.  Hand-picking  and  after  treatment,  as  described  below. 
(b)  If  the  sulphides  (pjTites)  are  disseminated. 

2.  Wet  stamping,  combined  with  batteiy  and  plate-amalgamation, 

to  extract  the  free  gold  followed  by  fine  concentration  of  the 
pyrites,  and  treatment  of  the  hand-sorted  ore  and  concentrates 
by  smelting  for  lead,  which  yields  bullion  that  has  to  be 
refined  by  different  processes;  or  by  smelting  for  copper  in 
reverberatory  furnaces,  to  produce  an  enriched  copper  matte.* 
The  choice  of  these  methods  depends  on  whether  lead  or 
copper  is  the  predominating  metal.  More  frequently,  however, 
the  gold  is  extracted  from  the  concentrates  by  the  ordinary 
Plattner  vat-chlorination  treatment,  whilst  in  a  few  special 
cases  an  iron  matte  is  produced,  and  sold  to  smelters,  or  crushed 
and  chlorinated. 

3.  Wet  stamping,  followed  by  amalgamation  and  fine  concentration, 

and  grinding  the  concentrates  raw,  in  pans  or  Chilian  mills. 

4.  Dry  stamping,  followed  by  roasting,  vsith  or  mthout  salt,  and  amal- 

gamation in  pans  or  barrels,  a  process  which  is  only  adapted, 
however,  as  a  rule,  to  rich  silver  ores,  carrying  a  certain  pro- 
portion of  sulphides,  but  not  enough  to  pay  for  concentration. 

*  The  gold  aud  silver  in  this  matte,  are  subsequently  extracted  by  a  wet  process 
from  the  copper-bottoms  which  contain  the  gold,  after  the  silver  has  been  extracted 
by  the  Ziervogel  or  Augustine  processes. 
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5,  The   new   cyanide-lixiviation-process,  which   is   claimed  to  be 

applicable  to  the  treatment  of  certain  gold  ores,  much  in  the 
same  way  as  the  Eussel  process  is  to  silver. 

6.  Ordinary  lixiviation. 

Dealing  with  ores  belonging  to  class  4,  which  are  amongst  the 
most  difficult  to  treat,  because  a  process  adapted  to  the  extraction  of 
gold  may  be  very  inefficient  for  the  recovery  of  silver,  and  vice  versa  : 
when  one  metal  is  in  small  proportion  as  regards  value,  it  is  frequently 
sacrificed  to  the  most  profitable  process  commercially  for  the  other.  Many 
of  the  base  silver  ores  of  the  United  States  contain  5  to  15  dwts.  of  gold, 
and  from  20  to  50  ounces  of  silver  per  ton.  For  such  ores  dry  stamping, 
roasting,  and  pan-amalgamation  is  mostly  used,  and  under  proper 
conditions  will  extract  90  per  cent,  or  more  of  the  silver,  but  only  40  to 
60  per  cent,  of  the  gold.  Lately,  however,  coarse-crashing,  instantaneous 
roasting  in  Stetefeldt  furnaces,  and  double-leaching  by  the  new  Russel 
process  has  come  into  prominence,  and  is  said  to  be  giving  excellent 
results  in  certain  instances,  as  regards  economy  and  extraction  of  both 
metals. 

The  Russel  process  seems  to  be  more  particularly  applicable  to  those 
ores  which  do  not  contain  enough  lead  or  copper  for  smelting,  are  poor 
both  in  gold  and  silver,  and  which  contain  large  amounts  of  sulphur, 
arsenic,  and  antimony,  since  roasting  with  salt  would  convert  the  base 
metals  as  well  as  the  silver  into  chlorides,  and  would  give  a  very  base 
bullion  if  it  were  amalgamated.  There  is,  however,  a  remedy  for  this, 
which  Mr  McDermott  points  out*  :  "  When  the  silver  is  in  combination 
with  sulphides,  antimonides,  arsenides,  and  tellurides  of  the  baser  metals, 
the  pan  process  becomes  inefficient  and  expensive.  By  contact  with  iron 
surfaces,  heat,  and  the  addition  of  some  chemicals— chiefly  salt  and 
sulphate  of  copper — a  partial  decomposition  of  the  complex  minerals  is 
effected,  and  some  of  the  silver  amalgamated,  but  the  wear  of  iron,  loss 
of  mercury,  cost  of  power  and  chemicals,  and  the  production  of  base 
bullion  together,  go  far  to  neutralize  the  gain  made  in  the  recovery  of  the 
silver.  In  such  a  case  a  great  benefit  is  derived  by  combining  concentra- 
tion with  amalgamation.  The  light,  flocculent  chlorides  and  sulphides 
of  silver  can  be  amalgamated  to  a  high  percentage,  while  concentration 
is  almost  useless  to  deal  with  them  in  the  form  in  which  they  exist  in  a 
free  or  decomposed  ore. 

On  the  other  hand,  concentration  can  be  made  very  effective  on  the 
undecomposed  complex  minerals,  for  which  amalgamation  is  ill-adapted. 

*  Gold  Amalgamation,  by  Walter  McDermott  and  P.  W.  DuflSeld,  page  88. 
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There  are  two  methods  of  combining  the  processes  according  to  their 
order,  concentrating  either  before  or  after  the  pan-treatment.  In  regard 
to  the  relative  advantages  of  the  two,  concentration  before  amalgamation 
is  the  natural  method,  because  it  relieves  the  pans  of  the  baser  minerals, 
which  are  a  disadvantage  in  the  amalgamation,  and  the  subsequent  concen- 
tration of  which  is  made  more  difficult  by  the  grinding  or  attrition  of  the 
minerals  in  the  pans. 

The  only  argument  against  the  universal  adoption  of  this  order,  rests 
on  the  disadvantage  of  sometimes  hanng  native  metals,  and  some 
chlorides  and  sulphides  entering  the  concentrations,  instead  of  appearing 
at  once  as  bullion,  which  they  otherwise  would  do,  and  also,  that  very 
perfect  settling  of  the  slimes  from  the  concentration  tails  is  necessary,  to 
prevent  loss  of  the  flaky  silver  chlorides  and  sulphides.  This  process  is 
in  use  at  the  Standard  mill,  California. 

When  the  free  metal  is  gold,  the  first-named  disadvantage  can  be 
overcome  by  using  copper  plates  before  the  concentrators,  and  this 
process  was  adopted  by  the  jMontana  Company  with  great  success,  after 
first  trying  pans  before  the  concentrators. 

Comparing  the  combined  process  with  dry  crushing  and  roasting,  the 
advantages  of  the  former  consist  in  a  reduction  of  the  cost  of  working 
fully  one-half  of  that  of  dry  crushing,  a  crushing  capacity  of  double  for 
the  same  number  of  stamps,  a  decreased  cost  of  erection,  and  a  higher 
saving  of  gold  present.  Against  these  advantages  may  be  placed  simply 
the  increased  percentage  of  silver  saved  by  the  dry  process  under  certain 
circumstances. 

AVhen  combined  gold-and-silver  ores  carry  over  10  per  cent,  of  base 
metals  it  usually  hap}3ens  that  the  silver  does  not  exist  equally  in  the 
minerals  present,  but  is  concentrated  in  one  of  them  as  a  rich,  brittle 
ore.  It  follows  from  this,  that  concentration  in  some  instances  is  very 
ineflfective,  because  while  90  per  cent,  of  the  heavy  base  metals  may  be 
saved  in  the  concentrates,  the  loss  of  the  fine  silver-bearing  mineral  in 
the  slimes  may  be  fully  50  per  cent,  of  the  assay-value  of  the  crude  ore. 
In  some  cases  the  clean  concentrated,  heavy  minerals  do  not  assay  more 
than  the  original  ore  from  which  they  were  sepirated. 

This  is  a  veiy  strong  argument  against  the  injudicious  application  of 
fine  concentration  to  all  cases,  for,  as  Mr.  McDermott  says,  there  are  ores 
of  both  gold  and  silver  in  which  the  sulphides  are  so  rich,  that  even  a 
very  small  loss  by  weight  involves  a  very  large  loss  by  assay  of  the 
precious  metals. 

Such  minerals  as  tellurides  of  gold  and  silver,  ruby  and  brittle  silver 
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ore,  come  under  this  head.  In  concentrating  some  of  the  tellurium  ores 
of  Colorado,  some  of  the  very  finest  slime-material,  ovei-flowing  from  the 
concentration-tanks  of  the  Frue  vanners,  assayed  as  high  as  £5,000  per 
ton  in  gold  and  silver. 

Where  there  is  danger  of  loss,  as  described,  it  is  advisable  to  introduce 
a  double  concentration,  re-treating  the  tails  on  vanners. 

For  dealing  with  exceptional  ores  belonging  to  class  5  :  if  their  value 
lies  mostly  in  tellurides  of  gold  and  silver,  with  Httle  or  no  sulphides 
present,  the  most  successful  method  yet  found  is  by  selection  of  the  rich 
ore ;  and  concentration  (as  above  described),  by  double  treatment  of  the 
low-grade  ores.  Both  rich  ore,  and  concentrates,  are  then  so  valuable, 
that  smelting  on  the  spot  or  shipment  to  smelters  is  advisable. 

Another  class  of  exceptional  ores  are  those,  in  which  the  gold  is  not 
free,  so  far  as  tests  indicate,  and  yet  there  are  no  sulphides  present. 

These  ores  are  generally  oxidized  in  character,  changed  from  their 
original  form,  and  contain  chloride  of  silver  in  addition  to  the  gold.  As 
some  of  these  ores,  when  leached  with  hyposulphite  of  soda,  yield  a  large 
portion  of  the  gold  as  well  as  the  silver,  it  would  seem  to  indicate  that  the 
gold  exists  as  a  chloride,  combined  with  the  silver,  either  as  a  double 
insoluble  chloride,  or  mechanically  protected  by  the  latter  from  being 
leached  out  by  the  natural  drainage-water  of  the  mine.  Such  ores  are 
uncom.mon,  but  have  been  worked  to  some  extent  by  a  raw-leaching  and 
concentration  for  the  fine  carbonate  of  lead,  and  its  combined  silver  which 
is  also  present. 

There  may  be,  other  explanations,  however,  to  account  for  the  peculiar 
character  of  the  ores  just  alluded  to.  On  page  6  of  Gold  Amahjamation 
and  Treatment,  the  losses  of  gold  in  milling  are  referred  to  five  principal 
causes  : — 

1.  Loss  of  free  gold,  quicksilver,  or  amalgam,  due  to  carelessness  or 

inexperienced  amalgamation. 

2.  Free  gold  and  gold-bearing  sulphides,  attached  to  or  embedded 

in  particles  of  rock, 

3.  Gold     contained    in    base-metal     sulphides,    broadly     termed 

sulphides. 

4.  Gold  lost  in  fine  slimes,  and  sometimes  in  solution. 

5.  A  condition  of  gold  in  which  it  is  not  susceptible  of  copper- 

plate amalgamation. 
It  is  with  the  last  of  these  that  we  now  have  to  deal. 
Quite  recently  *  Mr.  Richard  Pearce,  of  Argo,  Colorado,  has  given 

*  "  The  Association  of  Gold  Ores  with  other  Metals  in  the  West."     Trans.  Am. 
Inst.  Mill.  E.,  vol.  xviii.,  page  447. 


106  PROCESSES   OF   ORE   TREATMENT. 

some  most  interesting  facts  with  regard  to  the  association  of  gold  with 
other  metals  in  Colorado,  which  bear  on  amalgamation  and  concentration. 
His  investigations  go  to  prove  that  gold  and  silver  exist  in  some  of  these 
ores  found  below  the  water-line,  alloyed  with  bismuth,  tellurium,  and 
copper,  and  perhaps  arsenic,  where  the  presence  of  such  combinations  has 
hitherto  been  unsuspected,  and  a  coarse-grained  almost  pure  pyrites  con- 
taining sUver  and  a  small  value  of  gold,  from  the  Louisville  mine  of 
Leadville,  has  been  proved  to  contain  metallic  tellurium.  When  thus 
combined  the  gold  would  appear  to  be  more  or  less  refractory  to  the 
ordinary  milling  treatment,  and  this  may  account  for  some  of  the 
troubles  set  down  to  so-called  rustiness. 

A  natural  ciystalline  compound  of  gold  and  bismuth,  has  lately  been 
discovered  in  Australia,  it  is  said,  and  native  alloys  of  these  metals  are 
kno-RTi  under  the  names  of  maldonite  and  bismuthaurite.  Hessite,  a 
natural  combination  of  tellurium  and  silver  (AgaTe)  has  been  found  in 
some  of  the  Red  Cliff  veins,  and  a  telluride  of  bismuth,  probably  tetra- 
dymite  was  found  by  Mr.  Pearce  in  ore  discovered  at  Ouray.  He 
contends  that,  in  certain  cases,  bismuth  performs,  a  by-no-means  small 
part,  in  influencing  the  general  deposition  of  gold,  and  also  in  causing  the 
refractory  behaviour  of  this  metal  under  metallurgical  treatment. 

Mr.  Pearce  adds :  "  The  occurrence  of  gold  in  this  district  seems  to 
be  intimately  associated  with  that  of  emptive  porphyries,  and  the  impreg- 
nation of  veins  with  gold-bearing  minerals  is  apparently  always  accom- 
panied with  silica.  Evidence  of  intense  thermal  action*  is  one  of  the 
chief  characteristics  of  gold  deposits.  Examples  of  these  processes  may 
be  found  in  Gilpin,  and  also  in  Boulder  County.  In  the  latter  district 
known  as  the  'telluride  Belt,'  there  are  indisputable  evidence  of  vein- 
impregnation  by  the  circulation  of  sihceous  waters  through  the  joints  of 
the  porphyry  ;  in  this  case  tellurium  is  the  chief  mineralizing  agent  of  the 
gold.  Perhaps  the  most  striking  example  of  the  deposition  of  gold,  through 
the  agency  of  thermal  waters,  may  be  seen  in  the  celebrated  Bassick  mine, 
which  has  so  often  been  described.  This  deposit  exhibits  aU  the 
characteristics  usually  accompanying  geyser  action.  The  disintegration 
of  the  porphyry,  with  a  partial  replacement  of  the  felspar  by  sihca, 
is  here  clearly  shown.     The  gold  was  combined  almost  in  its  entirety 

*  The  idea  Mr.  Pearce  intends  to  convey  (which  is  the  writer's  view 
of  the  matter)  is  that  the  filling  of  veins  with  mineral,  is  rather  due  in  most 
cases  to  the  leaching  of  the  adjacent  rock-masses,  followed  by  a  gradual  replace- 
ment of  the  original  constituents  of  the  lode  with  ore,  along  certain  horizons  or 
belts,  than  to  the  action  of  thermal  waters,  building  up  masses  of  mineral  in  an 
open  fissure,  though  both  solfatara  action,  as  Mr.  Pearce  remarks,  at  the  Bassick 
mine,  and  sublimation  in  exceptional  instances,  may  have  tended  to  such  a  result. 
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with  tellurium,  and  rich  tellurides  of  gold  and  silver  were  found 
sprinkled  through  the  mass  of  material.  In  some  remarkable  specimens 
these  tellurides  formed  a  distinct  coating  on  the  surface  of  smooth 
boulders  which  had  become  rounded  by  attrition  from  the  action  of 
steam." 

Dr.  T.  Egleston,  in  an  elaborate  paper  on  the  causes  of  rustiness  and 
some  of  the  losses  in  working  gold  ores,*  points  out  that  the  term  rusty 
is  used  by  miners  to  indicate  a  condition  in  which  the  metal  is  supposed 
to  be  coated  superficially  or  alloyed  with  some  substance,  which  prevents 
contact  with  mercury,  and  consequently  precludes  the  possibility  of 
amalgamation. 

Gold  in  this  state,  it  appears,  is  frequently  covered  with  a  brownish 
coating,  which  has  a  much  redder  colour  than  ordinary  gold,  and  is 
in-egularly  distributed  over  its  surface:  where  the  least  abrasion  has 
occurred  the  metal  underneath  show  the  true  gold  colour.  Fine  particles 
of  gold  are  sometimes  visible  with  the  microscope  in  the  detached 
coating,  and  it  often  cracks  oil  from  pieces  of  gold,  leaving  them  bright. 
Very  often  this  film  is  composed  entirely  of  silica,  deposited  on  and 
beside  the  gold.  It  is  sometimes  opaque,  and  again  quite  transparent, 
so  that  the  gold  can  be  seen  with  the  microscope  disseminated  through  it, 
just  as  cinnabar-crystals  are  seen  in  the  red  chalcedony  of  the  district 
around  Knoxville,  California.  There  may  be,  for  example,  many  artificial 
causes  which  produce  this  rustiness  of  gold,  the  covering  of  the  surface 
with  particles  of  some  foreign  substance,  or  its  alloyage  with  other  metals, 
as  already  explained. 

As  Mr.  McDermott  remarks,  concentration  and  pan-amalgamation 
would  probably  be  effective  on  the  former  class  of  ores,  though  for  reasons 
that  will  presently  appear  the  writer  would  like  to  add,  or  concentration 
preceded  by  crushing  in  centrifugal  roller-mills,  if  other  circumstances 
admit  of  it.  Dr.  T.  Egleston's  view  is,  that  the  action  of  rubbing,  which 
occurs  in  any  machine  like  the  arrastra,  is  much  more  likely  than  the 
stamp-mill  to  pulverize  the  fine  pyrites,  break  up  any  coating  that  may  be 
around  the  particles  of  gold,  rub  off  the  superficial  deposit,  and  thus  bring 
the  gold  into  contact  with  the  mercury  and  make  it  amalgamate.  He 
states,  as  a  remarkable  fact,  that  in  the  early  days,  Mexicans  with  the 
arrastra,  got  50  to  60  dollars  a  day,  where  stamp-mills,  working  the  same 
rock,  only  obtained  15  to  20  dollars,  and  instances  can  be  cited  where, 
with  the  best  modern  machinery,  only  20  to  30  dollars  can  be  got  out  of 
rock  which  yields  700  to  800  dollars  by  fire  assay. 

*  Trans.  Am,  Inst,  Min,  E.,  vol.  ix.,  page  646. 
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Of  course  this  might  be  due  partly  to  the  first  cause  of  loss  cited, 
viz.,  carelessness  or  inexperience  on  the  part  of  the  workmen  running 
the  mills,  but  this  is  on  the  whole  unlikely.  Amongst  other  causes 
in  the  treatment  and  composition  of  ores  which  render  gold  un-amalgam- 
able  in  the  mill,  and  which  have  to  be  considered  and  guarded  against, 
Dr.  Egleston  mentions  : — 

1 .  Gold  which  has  been  hammered,  so  as  to  increase  its  density 

and  close  its  pores,  amalgamates  very  slowly,  a  condition, 
however,  which  can  scarcely  be  taken  into  account  in  the 
working  of  a  stamp-battery,  unless  the  gold  is  very  coarse. 

2.  The  presence  of  sulphuretted  hydrogen  in  the  water,  likely  to  be 

induced  by  the  presence  of  soluble  sulphides. 

3.  Gold  which  has  been  exposed  to  the  vapour  of  sulphur,  which 

no  doubt  accounts  for  the  behaviour  of  certain  ores  when  sub- 
mitted to  amalgamation  after  roasting,  and  the  same  is  doubt- 
less true  of  arsenic  in  some  instances,  judging  from  Mr. 
Pearce's  conclusions. 

4.  Certain  alloys  of  gold,  like  the  phosphide,  though  others  like  the 

arsenide  and  antimonide  (produced  artificially)  are  apparently 
more  tractable.  To  these  alloys  must  now  be  added  the 
bismuthide,  telluride,  and  cupride. 

5.  Greasy  substances,   like  powdered  natural  hydrated  silicates  of 

magnesia  and  alumina,  if  present  in  the  ore,  froth  and  coat 

the  gold  with  a  slime,  preventing  the  action  of  the  mercury, 

and  lubricants  such  as  oil,  getting  into  the  battery  box,  are 

fatal  to  gold  amalgamation. 

The  late  Mr.  E.  N.  Riotte  once  mentioned  in  the  writer's  presence  a 

case  within  his  experience,  which  occurred  at  a  gold  mine  in  one  of  the 

Southern  States,  where  they  had  to  abandon  the  use  of  dynamite  on  this 

account ;  as  owing  to  the  inexperience  of  the  negroes  in  its  use,  j)ortions 

of  unexploded  cartridges  were  left  in  the  stone,  and  affected  the  battery 

yield.     The  result,  if  the  nitro-glycerine  had  leached  out,  and  collected  in 

a  corner  of  the  box,  would  doubtless  have  been  a  revelation  to  them. 

6.  Unusually  soft  water,  absorbing  air  or  carbonic  acid  gas,  and  so 

tending  to  form  ferric  sulphate  (when  pyrites  is  present),  which 

is  a  most  active  agent  in  staining  the  plates. 
Glancing  back  at  the  processes  that  have  been  referred  to,  it  will  be 
seen,  that  except  in  dealing  with  free-milling  silver  ores  and  a  few  special 
cases,  there  is  considerable  latitude  given  in  the  choice  of  a  process,  not 
to  mention  its  details. 
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Its  proper  selection  will  depend  on  considerations  of  relative  cost,  as 
compared  with  saving  or  loss  of  metal,  or  other  valuable  products,  that 
the  ore  contains ;  and  nothing  influences  both  of  these  in  the  same  way, 
or  either  of  them  more,  than  the  degree  to  which  the  crushing  of  the 
stone  is  carried,  which  is  the  author's  next  proposition. 

Tlie  finer  the  crushing,  and  the  more  the  ore  is  handled  or  re-handled, 
by  repeating  the  operation,  the  greater  of  course  will  be  the  expense  ; 
while  the  more  it  is  handled  and  the  finer  it  is  crushed  beyond  a  point 
that  is  absolutely  necessary,  the  greater  also  will  be  the  loss.  To  reduce 
this  latter  to  a  minimum,  a  certain  cost  must  naturally  be  incurred,  though 
if  it  go  a  little  too  far,  the  cost  is  increased  and  the  loss  as  well. 
This  happens  under  various  circumstances,  viz.  : — - 

A.  In  coarse  concentration  of  the  baser  metals  and  of  gold  and 

silver  ores,  or  a  combination  of  both  (applicable  to  the  latter 

classes  of  ore,  when  the  sulphides  exceed  say  10  to  20  per 

cent,  by  weight)  to  obtain  the  mineral  with  a  minimum  loss 

from  comminution,  the  ore  must  be  broken  up,  only   just 

enough  to  unlock  all  the  mineral  it  may  contain,  down  to  a 

certain  size,  and  (theoretically)  the  mineral  and  barren  rock 

with  it  should  be  separated  at  once.     This  will  leave,  however, 

a  certain  amount  of  yet  more  finely  divided  mineral  in  the 

residues,  which  require  to  be  re-crushed  and  re-treated  at  so 

much  additional  cost,  to  get  out  the  metal  that  remains  in 

them,  less  of  course  a  certain  percentage  of  loss  involved  in 

this  re-treatment. 

When  coarse  combined  with  fine-concentration  is  necessary,  it  may 

then  be  considered  how  far  it  will  pay,  to  carry  theory  into  practice,  and 

when  labour  is  cheap,  the  life  of  the  mine  assured  for  a  long  period,  and 

the  ore  of  considerable  value,  the  German  practice  may  be  adopted,  of 

classifying  carefully,  reducing  the  ore  gradually,  and  concentrating  close ; 

but  when  labour  is  dear,  the  life  of  the  mine  uncertain,  and  the  chief 

object  is  to  secure  the  largest  possible  profit  in  the  shortest  possible  time 

at  a  minimum  capital  outlay,  irrespective  of  a  certain  unavoidable  loss  in 

unrecovered  mineral,  the  Anglo-American  metliod  must  be  adopted  of 

sacrificing  saving  of  mineral,  to  saving  of  cost  and  time,  and  crush  the 

ore  in  quantity,  to  a  much  greater  average  degree  of  fineness,  without 

such  careful  regard  to  sizing  it. 

The  latter  practice  is  the  one  followed  in  most  American  and  colonial 
mills,  employing  fine  concentration  for  gold  and  silver  ores  (when  the 
sulphides  in  the  ore  do  not  run  over,  say,  10  per  cent.).      To  compare 
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these  divergent  systems  roughly  as  to  cost,  two  different  cases,  one  of  a 
European  zinc-and-silver  lead-mine,  the  other  an  American  lead-mine 
may  be  taken. 

The  works  in  Europe  are  those  of  the  New  Pierrefitte  Co.,  which  the 
writer  was  commissioned  to  inspect  last  summer,  and  of  which  he  is 
permitted  to  give  the  following  particulars  : — 

They  are  situated  in  the  Pyrenees  in  France,  and  treat  an  ore  contain- 
ing galena,  blende,  magnetic  iron,  and  a  small  amount  of  copper  pyrites. 

On  an  output  of  21,449  tons  of  crude  ore  last  year  (averaging  9'33 
per  cent  of  silver-lead,  and  11  per  cent,  of  zinc)  the  cost  of  dressing, 
covering  wages,  supplies  (including  coal  for  three  months  of  the  year, 
water-power  being  used  for  the  remainder),  renewals  of  machinery,  etc., 
may  be  taken  at  about  3s.  lOd.  per  crude  ton,  as  given  below  : — 


Continental  Works. 

Per  Crude  Ton. 
Francs. 

American 

Works. 
Per  Ton. 
Cents. 

Labour 2-35 

Labour    . 

.. 

...  13-4 

Supplies  and  repairs  ...  2-43 

Supplies  . 
Repairs   . 
Coal 

...     3-5 

...   10-0 
...     9-5 

Total         ...    4-78 

=  3s. 

lOd. 

Total 

...  36-4  =  ls.6:id, 

The  American  case  is  that  of  the  new  dressing  works  of  the  St.  Joseph 
Lead  Co.,  at  Bonne  Terre,  Missouri.*  The  ore  is  non-argentiferous  galena, 
associated  with  some  iron  pyrites,  carrying  traces  of  nickel  and  cobalt. 
On  an  output  of  224,203  tons  of  crude  ore  in  1886-1887,  averaging 
5'65  iDer  cent,  of  galena,  the  cost  of  dressing  for  the  fiscal  year,  ending 
May  1st,  covering  labour,  supplies,  repairs,  and  coal,  was  (Is.  O^d.)  36'4 
cents,  divided  as  above  shown. 

It  would  take  too  long  to  explain  the  differences  of  treatment  in  the 
two  mills,  suffice  it  to  say,  that  the  system  outlined  in  both,  is  to  crush 
with  rock-breakers  and  rolls  (preceded  at  PieiTefitte  by  spalling  and 
cobbing),  and  then  to  jig  and  wash  the  ore  on  tables  and  buddies.  The 
difference  mainly  is,  that  in  the  one  case  they  give  attention  to  sizing, 
and  in  the  other  they  do  not,  though  each  mill  in  detail  possesses  certain 
peculiarities  of  its  own.  Neither  can  the  relative  number  of  workmen, 
cost  of  wages,  supplies,  etc.,  in  detail  be  compared,  as  these  data  in  the 
cost  sheet  are  wanting,  in  the  otherwise  excellent  paper  quoted,  from 
which  the  particulars  of  the  Missouri  mill  are  taken.  In  the  French 
works,  wages  range  from  1  fr.  (lOd.)  to  2  fr.  (Is.  8d.)  for  boj  s,  and  2*75 
fr.  (2s.  2^d.)  to  3  fr.  (2s.  6d.)  per  day  for  the  larger  number  of  adult 

*Trans.  Am.  Inst.  Men.  E.,  vol.  xvii.,  page  659,  H.  S.  Munroe. 
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mill  hands,  and  it  is  noteworthy  that  in  both  mills  repairs  and  supplies 
(excluding  coal  from  the  American  case)  bear  nearly  the  same  ratio  to  one 
another. 

It  would  appear  at  first  sight,  that  all  the  advantages  lay  with  the 
American  mill,  and  no  doubt  it  does  in  America,  where  labour  is  dear, 
with  the  base  ores  that  have  to  be  dealt  with  in  quantity,  where  the  works 
are  situated.  The  case,  however,  would  be  entirely  different  if  the 
American  mill  were  transplanted  to  the  Pyrenees,  and  set  to  work  the  silver 
ores  of  that  locality,  as  the  loss  in  the  tailings  at  Bonne  Terre  is  about 
2-13  per  cent.,  or  2 7 "4  per  cent,  of  the  total  amount  of  lead  in  the  ore. 
These  large  losses  are  due  to  included  mineral  in  the  coarse-sands,  and 
to  very  finely  divided  mineral  in  the  very  fine  slimes,  as  a  large  part  of 
the  ore  requires  very  fine  crashing,  owing  to  the  exceedingly  minute 
state  of  division  of  a  large  part  of  the  mineral. 

In  the  Pierrefitte  works  such  losses  with  argentiferous  galena  could  not 
be  afforded,  and  though  the  writer  is  not  in  a  position  to  state  what 
they  are  exactly,  they  are  far  less  than  in  Missouri.  Moreover,  the  cost 
in  the  Pyrenees,  with  a  larger  output  from  the  mine,  could  be  materially 
reduced,  as  the  works  are  not  run  up  to  their  full  capacity,  and  if  their 
general  design  could  be  remodelled  on  the  lines  of  more  modern  Continental 
mill-construction,  the  expense  of  treatment  (if  carried  out  on  a  similar 
scale  as  regards  quantity)  might,  be  made  to  compare  more  favourably 
with  the  price  in  America  without  sacrificing  mineral,  in  view  of  the 
lower  price  of  labour. 

To  again  quote  Prof.  Munroe,  the  losses  in  the  Lake  Superior  copper 
mills  range,  it  is  said,  from  28*5  to  31  per  cent.,  treating  mineral  much 
more  easily  saved  than  the  Bonne  Terre  galena,  whilst  the  cost  of 
dressing  copper  at  the  Atlantic  mill  in  1885,  using  steam  stamps,  is  stated 
to  have  reached  30'36  cents  (Is.  3^d.),  divided  between  labour,  5|d.; 
fuel,  T^d.  ;  supplies,  2^d.  These  costs  were  reduced,  however,  at  the 
Atlantic  mine  in  1887  to  27*5  cents  or  Is.  Ifd.  per  ton  of  copper  ore 
treated.  Incidentally,  Prof.  Munroe  states  it  is  cheaper  to  crush  ore* 
with  rolls,  arranged  as  they  are  in  the  Bonne  Terre  works,  than  the 
Lake  Superior  amygdaloid  with  steam  stamps,  but  this  is  partly  due  to 
the  friability  of  the  Missouri  ore  ;  what  is  far  more  remarkable,  however, 
is  that  the  rolls  produce  (according  to  the  Professor's  statement)  quite 
as  large  a  proportion  of  slimes  as  the  steam  stamps. 

Further,  it  should  be  noticed  that  the  above  instances  of  the  cost  of 
concentration  in  America  are  to  be  looked  upon  as  a  good  deal  below  the 

*  Limestone. 

VOL.  XLII.- 1692-95.  ^ 
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average  fat  any  rate  of  smaller  mills),  and  as  a  general  rule,  coarse  con- 
centration, where  rolls  are  employed  for  crushing,  does  not  cost  far  short 
of  75  cents  or  3s.  l^d.  per  ton,  where  labour  rates  are  dear.* 

The  average  cost  of  dressing  different  classes  of  ore  in  France  is  given 
by  Dr.  Foster  and  Mr.  (xallowayt  (from  a  statement  of  Mr.  Huet)  as : — 

Per  Ton. 
8.     d. 

Iron  ore  ..  0    2 

Coarse-grained  galena  ...         ...         ...         ...  510 

Fine-grained  galena  ...         ...         ...         ...         ...  7  10 

Manganese  ore  ...         ...         ...         ...         ...  7  10 

Copper  pyrites,  or  grey  copper  ore  with  iron  pyrites  9     9^ 

Coarse  galena  and  blende 9  10 

Fine  galena  and  blende       ...         ...         ...         ...         11  10 

Copper  pyrites,  or  grey  copper  ore  with  galena  ...         13  10 
Copper  ore,  galena  and  blende       ...         204 

Though  these  figures  may  have  been  ty|)ical  and  true  of  French 
practice  at  the  time  they  were  compiled,  the  dressing-costs  at  Pierrefitte 
would  indicate  that  they  are  much  above  the  average  at  the  present  time  ; 
and,  as  the  translators  remark,  there  is  always  great  uncertainty  in  esti- 
mating such  working  costs  in  a  general  way,  for  there  is  always  uncer- 
tainty with  reference  to  the  labour  required  for  shifting  the  stuff  about, 
and  principally  with  reference  to  the  loss  in  dressing,  to  which  might 
be  added  the  attention  required  by  different  classes  of  machines  when 
differently  grouped. 

If  the  American  losses  in  dressing  be  compared  with  those  in  Germany 
it  will  be  seen  that  the  advantage  rests  with  the  Continental  system. 

Oberbergrath  0.  Bilharz,  in  a  paper  entitled  "  Die  Neue  Central 
Aufbereitungs-Werkstatte  der  G-rube  Himmelfahrt,  bei  Freiberg  i.S.," 
puts  the  losses  in  the  tailings  of  these  works,  at  only  O'Ol  per  cent, 
silver,  nil  per  cent,  lead,  10  per  cent,  sulphur,  and  9  per  cent.  zinc.  Wliile 
the  settlings  in  the  final  catch-pits|  carry  only  0*01  per  cent,  silver,  2  per 
cent,  lead,  8  per  cent,  sulphur,  and  6  per  cent.  zinc. 

Quoting  the  pamphlet  referred  to,  the  transcript  of  an  article  from 
Tndusfnes  (in  the  Ne/r  York  Mining  Journal  of  February  20th,  1892) 
and  the  writer's  personal  knowledge,  he  would  like  to  refer  to  the  Freiberg 
works  more  particularly,  because  he  thinks  they  are  illustrative  of 
American  principles,  so  to  speak,  engrafted  upon  former  German  practice, 

*  In  exceptional  cases  the  price  may  run  up  to  12s.  6d. 

f  Lectures  on  Mining,  by  J.  Gallon,  vol.  iii.,  page  134.  Translated  by  C.  Le 
Neve  Foster,  D.Sc,  and  W.  Galloway. 

X  Only  a  fractional  portion  of  the  crude  ore,  which  is  re-treated. 
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presentino;  a  model  of  economy  in  costs,  as  well  as  economy  in  saving  of 
mineral,  to  an  extent  which  has  never  been  achieved  before,  an  advance 
which  is  undoubtedly  in  the  right  direction. 

The  ores  which  are  obtained  from  the  various  shafts  of  the  Himmel- 
fahrt  mine  consist  of  argentiferous  galena  and  zinc  blende,  with  iron, 
copper,  and  arsenical  pyrites,  while  the  gangue  is  partly  quartzose,  partly 
sparry,  mixed  with  the  country  (gneiss). 

On  account  of  the  variety  of  the  ores  of  the  Freiberg  district,  the 
machinery  of  the  dressing-floors  is  duplicated,  so  that  ore  from  other 
mines  can  be  dressed  apart  in  the  two  sections,  into  which  the  mill  is 
divided. 

The  annual  production  of  the  Himmelfahrt  mines  alone  is  45.000 
crude  tons,  of  which  four-fifths  is  concentrating  ore,  coming  from  what 
is  known  as  the  pyritic-lead  formation  (kiesige  Blei-Formation)  the 
remainder  being  rich  silver  ore  and  high-grade  hand-picked  galena  ore, 
found  mostly  in  cross-courses,  carrying  a  gangue  of  brown  spar  and 
heavy  spar. 

These  latter  ores,  representing  one-fifth  of  the  total  production,  are 
separated  dry  (hand-sorted  and  dry-stamped)  and  sent  direct  to  the 
smelting-works. 

The  dressing-floors*  are  designed  to  handle  150  tons  of  pyritic  ore 
per  shift  of  ten  hours,  each  separate  section  dealing  with  75  tons,  with 
an  average  total  consumption  of  35  cubic  feet  of  water  per  minute,  the 
machinery  being  driven  by  steam-power. 

The  ore  averages  0*15  to  0*20  per  cent,  silver  ;  and  iron  pyrites  and 
galena  are  the  predominating  minerals.  The  zinc  blende  is  black,  and 
contains  33  per  cent,  of  iron.  The  building  is  arranged  in  storeys,  one 
above  the  other,  and  contains  rock-breakers,  screens,  hand-picking  tables, 
several  sets  of  rolls,  wet  gravitation-stamps,  a  variety  of  revolving  screens 
and  jigs,  hydraulic  classifiers.  Stein  vanning-frames,  and  other  machinery 
(fully  described  in  the  papers  refeiTed  to)  which  present  many  novel 
features  of  detail. 

The  horizontal  compound-condensing  engine  which  runs  the  whole 
crushing,  dressing,  and  electric-lighting  plant,  indicates  105  horse-power, 
and  the  works  employ  44  workmen,  with  3  overseers,  1  engine-driver,  1 
stoker,  and  5  fitters,  in  all  54  men. 

The  cost  of  dressing  one  ton  of  ore  amounts  to  lOd. 

*  The  machinery  was  built  and  erected  by  Mr.  C.  Luhrig,  of  the  firm  of  Messrs. 
Luhrig,  of  Dresden,  in  accordance  with  the  plans  of  Mr.  0.  Bilharz,  who  designed 
the  installation. 
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There  are  only,  five  points  which  could  be  charged  against  the  plant 
taken  as  a  whole  : — 

1.  That  the  design  involves  a  considerable  capital  outlay   (an 

objection,  which  it  will  be  shown  later  on,  is  entirely  swept 
away,  when  it  conduces  to  and  results  in  economy  of  treatment, 
provided  that  the  mine  warrants  it,  and  that  the  working 
capital  of  a  company  can  stand  the  necessary  call  without 
stinting  the  development  of  the  mine.)* 

2.  That  it  may  be  doubted  whether  efficient  roller-mills  of  the 

Schranz  type,  might  not  advantageously  be  substituted  for  the 
stamps. 

3.  That,  large  as  may  be  the  reduction  in  labour  as  compared  with 

many  other  Continental  plants  of  the  same  capacity,  it  might 
be  still  further  lessened,  given  a  better  site  than  the  one  at 
Freiberg,  which  possesses  but  a  moderate  fall.t 

4.  That  owing  to   the  nature  of   the  machinery,  several  skilled 

machinists,  as  well   as   facilities   for  making   repairs  on  the 

spot,  are  very  essential  for  running  it  properly. 

.5.  That  if  anything  goes  wrong  with  any  of  its  individual  parts, 

the  whole  plant  appears  to  be  brought  to  a  standstill.     The 

writer  was  reminded  of  this  by  the  practical  illustration  of  a  belt 

slipping  off  a  pulley  whilst  he  was  going  through  the  works  two 

years  ago.    It  is  a  matter,  however,  which  is  capable  of  remedy. 

On  the  whole  the  advantages  far  outweigh  any  objections  that  can  be 

urged,  and  the  structural  details  of  the  plant,  and  erection  of  the  machinery 

exhibit  first-class  skilled  workmanship. 

The  stock  required  to  be  kept  on  hand  in  concentration- works 
consists  of  duplicate  parts  of  the  machines,  in  more  or  less  number, 
(depending  on  the  distance  from  a  source  of  supply  and  the  average  Life 
of  the  different  pieces  in  use). 

The  proposition  stated  on  page  109  holds  good. 

B.  In  the  fine  concentration  of  sulphides  (which  generally 
accompany  the  precious  metals)  on  belt  or  other  automatic 
concentrators,  which  are  so  frequently  used  J  as  an  adjunct 
to  the  stamp-battery. 

*  As  these  works  are  a  Government  concern,  this  last  consideration  may  in  the 
present  case  be  dismissed. 

f  Owing  no  doubt  to  its  being  the  only  site  available  on  account  of  other  reasons. 

J  Before  adding  concentrators  of  this  kind  to  a  mill,  it  is  of  course  necessary  to 
ascertain  that  the  clean  concentrates  will  assay  enough  to  leave  a  profit  on  further 
local  treatment,  or  shipment,  to  extract  the  gold,  silver,  or  other  metals  they  may 
contain. 
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The  size  to  which  the  stone  is  reduced  under  such  circumstances 
influences  very  largely  the  chance  of  loss  of  mineral  and  gold,  whether 
included  in  the  coarser  part  of  the  tailings,  or  liberated  as  fine  slime. 

The  cost  of  the  actual  mechanical  fine  concentration  is  not  a  matter 
of  extremely  serious  consideration  in  itself,  since  assmniug  18  tons  of 
concentrates  saved  per  diem  in  this  way,  crushing  an  ore  containing  2| 
per  cent,  of  pyrites,  the  cost  of  treatment  would  not  exceed  2d.  or  3d.  per 
ton,  and  dealing  with  much  smaller  quantities,  6d.;  and  further  it  will 
not  vary  much  whether  the  ore  is  stamped  coarse  or  fine,  unless  it 
involves  a  double  concentration  (that  has  been  alluded  to)  dealing  with 
rich  ores  liable  to  slime.  But  in  order  to  concentrate  in  this  way  the  ore 
must  be  stamped  wet,  and  what  applies  to  crushing  fine  with  rolls,  is  also 
true  of  stamps.  The  finer  the  crushing  the  more  it  must  cost  in  time, 
representing  extra  labour  and  a  wear-and-tear,  and  also  fuel,  etc. 

C.  In  stamping  previous  to  grinding  in  pans,  if  carried  too  far, 

there  will  again  be  loss  in  the  battery-tails,  whilst  if  not  carried 
far  enough,  it  will  give  the  pans  unnecessary  work  to  perform, 
which  would  be  much  more  cheaply  done  in  the  battery. 

D.  "When  the  concentrates  are  treated  (obtained  by  coarse  or  fine 

concentration  or  both  combined)  by  such  processes  as  smelting, 
chlorination,  and  lixiviation,  it  will  be  found  that,  if  it  in- 
volves a  preliminary  roasting  (as  these  processes  generally  do), 
if  the  ore  is  crushed  very  fine,  and  it  carries  much  lead  for 
instance,  it  entails  a  more  careful  regulation  of  the  temper- 
ature, and  unless  a  suitable  type  of  furnace  is  used,  with 
extensive  dust  chambers  attached,  great  losses  both  mechan- 
ically and  by  volatilization  may  be  incurred.  On  the  other 
hand,  if  the  ore  is  not  crushed  fine  enough,  and  it  is  subjected 
to  a  chloridizing  roasting  with  salt,  the  chlorination  wdll  not 
be  as  high  as  it  should  be,  and  the  subsequent  treatment  will 
be  proportionately  affected  by  it. 

E.  If  the  ore  is  to  be  lixiviated  or  chlorinated,  and  the  stone  is 

crushed  too  fine,  and  at  the  same  time  of  too  uniform  a  grade, 
great  loss  of  time  and  imperfect  filtration  and  leaching  will 
result,  more  especially  if  it  is  at  all  of  a  clayey  nature. 

The  choice  of  a  process,  whether  for  treating  crude  ore  or  concentrates, 
must  be  governed  by  the  relative  commercial  profits  it  promises,  as  com- 
pared with  other  methods  of  treatment.     But  before  attempting  to  touch 
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this  question,  it  will  be  advisable  to  state  certain  general  facts  (under 
separate  headings),  giving  an  outline  of  several  of  the  processes,  which  are 
later  on  compared,  under  the  head  of  rival  methods  of  ore-treatment,  in 
order  to  simplify  the  subject. 

'Roasting  and  Chlorination. 

This  is,  ordinarily  the  best  process  to  employ,  for  the  treatment  of  the 
high-grade  pyritic  concentrates  of  stamp-mills,  and  hand-picked  sulphide 
ores,  provided  a  suflBcient  quantity  can  be  commanded  to  run  the  works 
full-time  or  nearly  so ;  intermittent  work  being  bad  for  plant  as  well  as  for 
men.  The  ore  should  be  kept  moist  after  concentration,  till  it  goes  to  the 
drying-floors,  as  otherwise  lumps  will  fonn  which  will  not  roast  properly 
unless  re-crashed. 

The  ore  to  be  roasted  is  generally  worked  in  reverberatory  furnaces  to 
expel  the  sulphur,  arsenic,  and  other  volatile  compounds  till  it  is  dead 
sweet  or  as  nearly  so  as  possible.  Then  a  small  quantity  of  common  salt 
is  added,  and  the  silver  is  chloridized,  the  sulphur  is  all  driven  off,  and 
the  ferrous  and  cuprous  sulphates  are  oxidized. 

The  ore  having  been  damped  to  about  6  per  cent,  is  gassed  with  chlorine, 
a  trichloride  of  gold  being  formed,  which  is  leached  out  and  precipitated 
with  a  solution  of  sulphate  of  u'on.  This  gold  is  collected  on  filters, 
thoroughly  washed,  dried,  and  melted,  and  should  average  from  998  to 
9991  fine. 

When  silver  is  present  in  suflBcient  quantity  to  justify  the  extra  treat- 
ment, it  can  be  recovered  by  re-leaching  the  residues  with  hyposulphite  of 
soda  or  lime  to  dissolve  the  chloride  of  silver,  which  is  precipitated  from 
the  lixivium  by  the  addition  of  a  solution  of  polysulphide  of  sodium  or 
calcium,  and  the  sulphide  of  silver  resulting  (collected  on  the  filters)  is 
washed,  dried,  and  reduced  to  the  metallic  state. 

There  is,  however,  one  point  to  be  guarded  against  in  adopting  this 
latter  mode  of  treatment  in  dealing  with  ores,  in  which  the  percentage 
of  gold  is  high,  and  about  equal  to  the  silver. 

Kustel,*  remarks : — "  If  such  an  ore  should  be  subjected  to  chlori- 
dizing  roasting,  then  impregnated  with  chlorine  gas,  leached  with  water 
for  the  purpose  of  extracting  the  gold,  and  finally  leached  with  hypo- 
sulphite of  lime  for  precipitating  the  silver,  it  would  in  this  case, 
although  a  high  percentage  of  silver  might  be  extracted,  result  in  a 
yield  of  gold  that  would  hardly  amount  to  50  per  cent.,  more  or  less. 

*  Roasting  of  Gold  and  Silver  Ores,  by  G.  Kustel,  second  editiou,  page  123. 
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The  reason  is  not  easily  explained.  The  gold  may  be  influenced  some- 
how by  the  base-metal  clilorides  during  the  roasting,  which  prevents  the 
gold  being  attacked  by  the  chlorine  gas." 

On  the  other  hand,  if  the  base-metal  chlorides  and  the  chlorides  of 
silver  are  extracted  previous  to  the  impregnation  with  chlorine,  both 
metals,  silver  and  gold,  can  be  got  out  very  close  by  a  process  invented 
and  patented  by  0.  Hofmann,  which  Kustel  fully  describes  in  detail. 

The  gold  and  silver-bearing  sulphides  of  the  Colorado  No.  2,  G.  and 
S.  M.  Co.,  at  Monitor,  Alpine  County,  California  (as  an  instance)  were 
successfully  treated  by  this  method. 

Should  the  sulphides  contain  any  lead,  it  is  advisable  to  conduct  the 
liquor  from  the  leaching-vats  to  settling  or  storage-tanks,  and  about  -40 
lbs.  of  sulphuric  acid  {66  degs.  B)  is  added.  By  this  addition  the  lead 
is  precipitated  as  sulphate,  and  the  liquor,  being  freed  from  lead,  can 
yield  no  plumbic  sulphate  with  the  gold,  as  it  would  otherwise  do,  when 
precipitated  with  sulphate  of  iron  ;  hence  a  cleaner  bullion. 

In  some  chlorination  works,*  as  the  sulphate  of  lead  obtained  from  the 
base  tanks,  always  contains  some  gold,  it  is  collected  and  sold,  and  a  con- 
siderable sum  is  then  realized  for  both  lead  and  gold.  The  wooden  tanks 
are  protected  from  the  action  of  the  acids,  by  a  coating  of  paraffin 
paint ;  and  the  covers  of  the  chlorination-vats  are  luted  on  with  a 
mixture  of  tailings,  bran  and  water. 

There  are  certain  i3yi'itic  ores,  however,  to  which  chlorination  is 
unsuited.     These  include  amongst  others  : — 

1.  Ores  of  low  grade,  which  run  below,  say  £3  to  £4  value  per  ton. 

2.  Those  in  which  the  gold  is  very  coarse. 

3.  Those  in  which  there  is  any  mineral  present,  or  other  metal 

except  silver  and  gold,  in  the  gangue,  liable  to  be  attacked  and 
rendered  soluble  by  the  chlorine,  whilst  gold  must  be  either  in 
a  metalUc  state,  or  in  a  combination  which  can  be  destroyed  by 
roasting  without  loss. 
The  impurities  most  to  be  avoided  are  sulphur,  antimony,  and  arsenic, 
since  soluble  salts  of  the  base-metals  may  precipitate  the  gold  in  the 
leaching-vat ;  hence  the  necessity  of  what  is  termed  a  dead  sweet  roast 
before-mentioned.     Lead,  hme,  and  magnesia  are  also  deleterious,  as  they 
are  attacked  by  the  chlorine,  and  waste  a  great  deal  of  it,  besides  intro- 
ducing difficulties  in  the  after-precipitation. 

Mr.  Nelson  E.  Ferry,  M.E.,  in  the  New  York  Engineering  and  Mining 
Journal  of  November  28th,  1885,  recommended  the  addition  of  molasses 

*  Eighth  Rejwrt  of  the  California  State  Mineralogist,  page  47. 
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to  the  leach  when  lime  was  present.  Mr.  Ferry  says:  Dissolve  one  gallon  of 
molasses  in  30  or  40  gallons  of  water  and  keep  for  use.  The  quantity  to 
use  in  each  case  must  be  determined  by  a  laboratory  test.  If  calcium 
sulphate  comes  down,  either  the  molasses  is  in  insufficient  quantity,  or 
it  has  not  been  thoroughly  mixed.  Examine  by  transmitted  light. 
Avoid  large  excess  of  ferrous  sulphate.  If  the  gold  comes  down  at  first 
in  a  flocculent  state,  that  does  not  matter,  it  soon  assumes  the  usual  form. 
The  best  results  are  got  when  the  liquid  is  made  slightly  acid. 

Mr.  A.  H.  Aaron*  recommends  the  use  of  precipitated  copper  sulphide 
as  a  precipitant,!  stirring  it  into  the  gold  solution,  or  better,  allowing  the 
gold  solution  to  flow  through  a  series  of  small  filters  containing  the 
sulphides.  He  states  as  a  reason  that,  unless  there  is  copper  present  to 
precipitate  it,  there  is  often  a  considerable  loss  from  gold  in  suspension, 
due  to  imperfect  settling. 

The  presence  of  galena,  necessitates  a  good  roasting  with  a  strong 
finishing  heat,  as  far  as  its  fusibility  will  allow.  This  involves  the  use  of 
a  long  hearth  to  raise  the  temperature  gradually,  as  the  charge  progresses 
from  one  end  of  the  furnace  to  the  other.  The  roasted  ore  must  be 
examined  to  see  that  no  galena  is  left  undecomposed. 

Any  soluble  iron  chloride  or  other  soluble  metallic  salt  formed,  will 
react  on  the  iron  oxide  and  precipitate  the  gold,  when  dissolved,  leaving 
it  in  the  tails  of  the  ore-tanks  after  lixiviation.  The  addition  of  a  little 
salt  towards  the  close  of  the  roasting,  after  the  ore  has  been  carefully 
oxidized,  tends  to  counteract  the  effect  of  the  Ume  and  magnesia  so  often 
present  in  gold  and  silver- bearing  rocks. 

Concentrates  frequently  contain  iron  as  well  as  copper  pyrites,  galena, 

*  Notes  on  the  Hydro-metallurgy  of  Gold. 

t  Mr.  Claude  Vautin,  whilst  admitting  that  precipitated  copper  sulphide  (CuS) 
is  a  good  precipitant  in  the  laboratory,  points  out  that  in  consequence  of  its 
physical  condition,  and  the  facility  with  which  it  is  oxidized  to  CUSO4,  its  appli- 
cation in  practice  is  not  to  be  recommended.  He  recommends  fused  sub-sulphide  of 
copper  (CujS)  as  a  perfect  and  rapid  means  of  recovering  the  gold.  To  facilitate 
the  filtration  the  CujS  is  crushed  to  pass  a  60  mesh  sieve,  and  the  portion  which 
remains  on  a  100  mesh  sieve  only  is  used;  this  gives  the  desiderata  of  a  dry,  hard, 
and  granular  filter-bed,  three  points  of  importance.  Whilst  charcoal  is  not  free 
from  objections,  on  account  of  the  large  quantity  necessary  to  ensure  a  complete 
decomposition  of  the  solution,  and  the  somewhat  tedious  and  troublesome  operation 
of  '*  burning-ofE "  the  excess  of  carbon  before  smelting  the  residues,  Mr.  Vautin 
claims  for  this  method  the  advantage  that  it  is  not  necessary  to  expel  by  heat  or 
otherwise  any  excess  of  free  chlorine  from  the  solution  before  passing  it  through 
the  reagent ;  nor  does  the  presence  of  any  free  hydrochloric  acid  in  any  way  inter- 
fere with  the  reaction.  Any  copper,  calcium,  zinc,  etc.,  also  passes  through,  pre- 
senting advantages  over  the  use  of  hydrogen  sulphide  or  ferrous  sulphate. 
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and  arsenical  pyrites,  combinations  which  do  not  prevent  the  application 
of  the  process,  unless  the  base-metals,  more  particularly  lead  (but  always 
excepting  iron),  are  present  in  large  proportions.  Losses  are  likely  to 
occur  through  the  gold  being  volatilized  or  affected  in  roasting,  which  is 
more  particularly  to  be  guarded  against  if  copper  is  present,  and  the  ore 
be  roasted  with  common  salt.  Much  has  been  written  on  this  subject, 
and  in  fact,  enormous  losses  may  occur  in  the  chloridizing  roasting  of 
gold  ores  through  volatilization  of  the  gold.* 

Mr.  Kustel,  page  57,  records  the  loss  of  20  per  cent,  of  the  gold 
contents  in  the  oxidizing-roasting  of  certain  tellurides  of  gold  and  silver, 
and  states  it  is  not  a  mechanical  loss,  but  is  due  to  volatilization.  Though 
with  most  ores  no  loss  of  gold  is  suffered  in  this  way  during  oxidizing-roast- 
ing either  with  iron  or  arsenical  pyrites,  loss  may  occur  if  the  operation  be 
carried  on  so  rapidly  that  JBne  particles  are  carried  off  by  the  draught. 

A  loss  of  silver  in  oxidizing-roasting  is  unavoidable.  Plattnerf 
concludes  that  the  percentage  increases  with  the  temperature  of  roasting, 
and  with  the  looseness  or  porosity  of  the  roasting  charge,  that  is  with  the 
facility  with  which  the  air  can  come  into  contact  with  the  silver,  and  the 
freedom  of  the  silver  from  combination  with  other  substances.  The  loss 
increases  also  with  the  time  of  roasting.  He  concludes  that  silver  is 
volatilized  as  oxide,  which  decomposes  at  a  lower  temperature  into  silver 
and  oxygen,  but  Dr.  Percy  throws  doubt  on  this  theory. 

In  roasting,  it  is  easy  to  incur  an  enormous  loss  of  gold  by  ioattention 
to  what  may  appear  insignificant  trifles,  showing  how  necessary  in  such 
matters  is  a  systematic  weighing  and  sampling,  as  well  as  assaying  of  the 
ores  and  products,  in  order  to  know  at  once  when  such  losses  are  taking 
place,  so  as  to  be  able  to  check  them  in  time.  Haphazard  and  occasional 
sampling  and  assaying,  are  worse  than  useless;  they  lead  to  great  losses  of 
valuable  capital,  frequently  to  the  total  abandonment  of  good  properties, 
and  worse  than  all,  to  a  false  sense  of  self-satisfaction,  which  discom'ages 
investigation  and  improvement  by  denying  the  necessity  thereof. 

If  the  gold  in  the  ore  is  of  low  fineness  or  combined  with  silver,  a 
large  part  of  it  may  be  lost  in  roasting  from  a  different  cause,  as  the  sub- 
chloride  wiU  surround  the  particles  of  gold,  and  prevent  any  further  action 
of  the  chlorine  upon  it,  in  which  case  the  double  process,  previously 
alluded  to,  must  be  employed. 

The  quantity  of  common  salt  used  in  chloridizing-roasting,  and  the 
time  when  it  can  best  be  added,  are  of  much  importance  to  the  final  result ; 

*"  Losses  in  Roasting  Gold  Ores  and  the  Volatility  of  Gold."    Tram.  Am.  In.it. 
Mill.  U.,  vol.  xvii.,  page  3. 

+  Metallurg'ische  Boxtjjrazc-'i-se,  Freib,  1856. 


120  PROCESSES  OF  ORE  TREATMENT. 

and  they  have  to  be  determined  by  trial,  with  different  ores.  The  chlorine 
must  be  purified  from  everything  that  would  be  likely  to  cause  a  reaction 
between  it  and  the  other  constituents  of  the  ore. 

Other  important  factors  in  the  general  success  of  the  process  are  : — 

1.  Close  and  clean  concentration. 

2.  Amalgamation  of  any  coarse  gold,  preceding  or  following  the 

chlorination. 

3.  Lixiviation  of  the  silver  before  or  after  gassing. 

4.  Absence  of  any  organic  matter  in  the  charge,  or  wash-water. 

5.  That  the  ore  is  crushed  properly.      A  series  of  experiments 

should  be  made  to  ascertain  how  coarse  the  ore  should  be  to 
give  the  best  results  with  reference  to  economy,  large  capacity, 
and  best  extraction.  The  pulp  for  the  best  leaching  must  be 
in  a  granular  condition,  and  carry  as  small  a  percentage  of 
dust  and  slimes  as  possible.  Mr.  .John  E.  Eothwell  {New 
York  Mining  Journal  of  Febmary  7th,  1891)  points  out  that 
for  this  purpose  rolls,  properly  managed,  are  best  adapted  for 
this  purpose.  The  chief  point  is  to  make  the  reduction  in 
the  size  of  the  particles  passed  through  them  gradual.  The 
ore  should  come  to  the  coarse  rolls  not  larger  than  |  inch, 
and  these  rolls  should  crush  to  about  |  inch.  The  middle 
rolls  are  set  about  ^^  inch  or  less  apart,  and  the  fine  rolls 
about  as  far  apart  as  the  size  to  which  the  ore  must  be 
crushed.  If  only  two  sets  of  rolls  are  used,  the  coarse  are 
set  a  little  closer,  and  the  fine  remain  the  same.  The  springs 
should  be  tight  enough  in  tension,  not  to  give  with  the 
hardest  ore  passing  through  them,  but  lax  enough  to  allow 
a  piece  of  steel  or  iron  to  pass  through  without  throwing  off 
the  belts.  The  periphery  speed  of  the  rolls  should  be  the 
same  or  a  Uttle  faster  than  the  falling  speed  of  the  ore,  and 
the  ore  should  be  fed  in  an  even  sheet  across  the  surface  of 
the  roll.  This  will  keep  the  surfaces  tnie  and  produce  a 
granular  pulp  but  canying  a  small  percentage  of  dust.  A  still 
more  gradual  reduction  can  be  made  by  making  the  rolls  of 
larger  diameter  and  narrower,  which  will  give  them  also 
proportionately  a  greater  capacity.  Rolls  of  39'5  inches 
diameter  and  12  to  15  inches  face  have  been  used  by  Mr. 
Eothwell  with  good  results. 
Dr.  T.  Egleston  writing  on  the  formation  of  gold  nuggets  and  placer 
deposits  says : — "  I  have  known  of  gold  (Grass  Yalley,  California)  being 
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thrown  down  on  the  filter  of  a  Plattner  vat  by  the  organic  matter 
contained  in  the  very  impure  wash-water  used  for  the  sohition  of  the  gold, 
rendered  sohil)le  by  the  action  of  the  chlorine.  The  filter  was  full  of 
metallic  gold,  and  there  was  no  means  of  ascertaining  how  much  had 
been  lost.  Several  ounces  of  a  brown  deposit  were  taken  from  it,  almost 
pure  gold." 

An  excess  of  chlorine  must  be  present  in  the  generator,  and  the  ore 
must  be  washed  and  filtered  thoroughly,  otherwise  the  tub  tails  will  assay 
4  to  5  dollars  instead  of  75  cents.* 

LiXIVIATION. 

The  3Iac Arthur-Forrest  Process  for  Gold  Ores. 

This  process  claimsf  to  extract  the  gold  from  pyritic  ores,  without 
the  necessity  of  roasting;  and  in  certain  cases  it  may  have  a  consider- 
able field  of  usefulness.  When,  for  instance,  the  gold  is  in  an  extremely 
fine  state  of  division,  and  the  ore  contains  silver  as  well  as  gold,  the  fairly 
high  percentage  extracted  of  each  metal  may  render  this  method  a  very 
desii'able  one. 

For  plain  gold  ores,  in  which  the  gold  is  in  fine  particles,  the  barrel- 
chlorination  process  seems,  however,  to  give  a  higher  extraction,  and  with 
ores  of  moderate  and  high-grade  appears  to  work  to  better  advantage. 

It  would  appear,  in  fact,  that  the  limitations  of  the  cyanide  process 
might  be  summed  up  as  follows  :  — 

1.  That  it  is  only  entirely  successful  with  free-milling  ores,  as 

although  it  will  deal  with  pyritic  ore,  it  does  so  at  a  greatly 
enhanced  cost. 

2.  That  it  is  inapplicable  to  ores  containing  a  considerable  per- 

centage of  coarse  gold. 

3.  That  it  cannot  be  economically  applied  to  rich  material,  as  a  loss 

of  2  dwts.  in  8  dwts.  ore  is  a  very  diff"erent  matter  to  a  loss  of 
say  2  ozs.  in  8  ozs.  ore. 

4.  That  it  is  not  applicable  to  ores  containing  certain  metal  and 

mineral  combinations. 
On  the  other  hand,  it  appears  to  be  a  process  admirably  adapted  for 
saving  gold  in  the  condition  of  float,  i.e.  in  an  extremely  minute  state  of 
subdivision,  which  cannot  be  caught  by  any  process  of  concentration  or 
amalgamation. 

*  Phillips,  Trans.  A7n.  Inst.  Min.  E.,  vol.  xvii.,  page  313. 

f  Memoranda  on  the  Treatment  of  Refractory  Gold  Ores  by  the  Mac  Arthur- 
Forrest  Process.    Wm.  Hodge  &  Co.,  Glasgow. 
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Briefly  outlined,  the  Mac  Arthur -Forrest  process  originally  consisted 
in  pulverizing  the  ore  to  40  or  60  mesh  size,  and  then  mixing,  and  agitating 
it,  with  a  solution  of  cyanide  of  potassium  (the  ordinary  standard 
strength  of  which  was  intended  to  be  li  parts  of  cyanide  to  100  parts  of 
water  by  weight).* 

After  a  sufficient  time  has  elapsed  for  the  solution  of  the  precious 
metals,  the  leach  is  transferred  to  large  wooden  filter-tanks,  the 
solutions  are  allowed  to  settle,  and  are  drawn  off  (sometimes  assisted 
by  pressure  or  suction),  and  the  gold  and  silver  contained  in  these 
solutions  as  cyanides,  are  decomposed  and  precipitated  in  a  metallic 
condition,  by  passing  the  filtrate  through  metallic  zinc  turnings.  In  the 
com'se  of  this  treatment  the  zinc  replaces  the  gold  in  solution  as  cyanide 
of  zinc,  which  dissolves  in  the  water,  while  the  gold  is  deposited  as  a 
dark  powder.  This  is  separated  by  sieving  from  the  undecomposed 
zinc,  when  it  is  found,  by  testing  with  chloride  of  tin,  that  the  whole 
of  the  gold  has  been  precipitated  from  the  leach  liquor. 

The  zinc  residues  are  then  removed  and  dissolved  in  nitric  acid,  the 
gold  remaining  undissolved  as  a  dark  brown  powder,  which  is  washed, 
dried,  and  melted,  yielding  almost  pure  gold. 

If  there  is  any  silver  present  it  is  dissolved  with  the  zinc,  and  can  be 
recovered  by  adding  a  solution  of  common  salt,  which  throws  it  down  as 
chloride.  It  has  then  to  be  reduced  to  the  metallic  state  by  contact  with 
sheet-iron  or  zinc,  after  which  it  is  washed,  dried,  and  melted. 

The  chemistry  of  the  processf  is  simple,  depending  on  the  affinity  of 
cyanogen  for  gold  and  silver,  and  the  ease  with  which  these  metals  form 
soluble  double  cyanides  with  the  alkali  metals.  The  relative  affinities  of 
the  different  metals,  according  to  Mr.  Wm.  Jones,  stand  as  follows  : — 
1st  gold,  2nd  silver,  3rd  copper,  4th  zinc,  lead,  arsenic,  antimony,  etc. 

The  solvent  action  on  the  base-metals  can  be  reduced  to  a  minimum 
by  reducing  the  strength  of  the  solutions,  the  readily  soluble  gold  and 
silver  being  dissolved  out  with  only  traces  of  copper,  zinc,  etc. 

The  best  strengths  of  solutions  to  use  in  leaching  out  the  gold  from 
refractory  stone  depends  entirely  on  the  nature  of  each  ore,  and  it  is 

*  In  actual  practice,  however,  these  ideas  have  been  modified,  and  what  is  known 
as  the  percolation  system  has  come  into  almost  universal  use,  employing  standard 
solutions  of  a  certain  strength,  first  leaching  the  ore  for  6  to  12  hours  with  6  to  8 
per  cent  solution,  and  for  8  to  10  hours  more  with  a  weaker  liquor,  containing  2  to 
4  per  cent,  of  cyanide. 

■j- "  The  MacArthur-Forrest  Process  for  the  Treatment  of  Kef ractory  Gold  Ores." 
Eng.  and  Mln.  Jour.,  Xew  York,  1889,  vol.  xlviii.,  page  544, 
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impossible  to  lay  down  any  hard-and-fast  line.      The  point  must  be 
determined  by  practical  tests. 

Filtration  of  the  liquor  is  accelerated  by  using  a  vacuum,  and  there  is 
no  practical  difficulty  about  this,  unless  there  is  a  large  percentage  of 
clayey  matter  present.  The  amount  of  free  cyanide  in  the  liquors,  after 
passing  through  the  zinc,  is  then  determined  by  means  of  a  standard 
solution  of  nitrate  of  silver,  and  the  liquor  is  thereafter  made  up  to  its 
original  strength  and  used  over  again. 

To  extract  the  gold  from  refractory  ores  a  number  of  points  must 
however  be  observed.  If  the  ore  betrays  a  noted  acidity,  due  to  the 
presence  of  basic  sulphates  of  iron,  etc.  (especially  marked  in  the  case  of 
disintegrated  and  weathered  sulphides),  it  should  be  neutralized  with  an 
equivalent  quantity  of  caustic  lime  in  the  form  of  milk  of  lime.  The 
exact  amount  of  acidity  can  be  determined  by  shaking  up  a  weighed 
sample  of  the  ore  with  water,  and  adding  standard-normal  or  tenth 
normal  caustic-soda  solution  till  the  point  of  alkalinity  is  attained,  as 
indicated  by  litmus  or  any  other  suitable  tests.  The  amount  of  lime  is 
then  easily  calculated.  Some  ores  show  as  much  as  4  per  cent,  of  acidity 
in  terms  of  soda,  and  such  ores,  on  treatment  with  cyanide  solutions 
without  previous  treatment  with  lime,  fail  to  yield  their  gold  contents, 
whereas  when  previously  treated  with  lime,  the  greater  part  of  the  gold 
is  easily  extracted. 

Nearly  all  sulphides  show  more  or  less  acidity,  but  when  it  is  under 
0*10  per  cent,  it  may  for  practical  purposes  be  neglected. 

The  cyanide  solution  used  should  be  as  free  from  caustic  alkali 
(NaHO  or  KHO)  as  possible,  as  it  is  apt  to  form  a  sulphide  of  sodium  or 
potassium  with  the  sulphur  of  the  ores,  and  thus  prevent  the  gold  and 
silver  going  into  solution.  This  difficulty,  when  it  does  occur,  is  got  over 
by  adding  calcium  chloride. 

The  cyanide  solutions  are  best  preserved  from  too  great  exposure  to 
the  air,  as  a  part  of  the  cyanide  is  apt  to  be  converted  by  oxidation  into 
the  cyanate. 

From  a  chemical  point  of  view  it  appears,  that  the  economic  suc- 
cess of  the  process,  will  mainly  turn  on  the  price,  and  consumption  of 
chemicals,  and  on  the  time  taken  in  treating  large  quantities,  to  extract  a 
given  percentage  of  gold  from  various  combinations  of  ores  in  different 
localities  in  which  the  gold  exists  in  a  coarse  or  fine  state  of  division,  and 
in  different  alloyage,  and  in  which  the  pyrites  is  more  or  less  highly  con- 
centrated. The  ores  of  the  Witwatersrandt  seem  specially  adapted  for 
treatment  by  this  process. 
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The  Russel  Process  for  Silver  Ores. 

Quoting  Mr.  C.  A.  Stetefeldt,  on  the  lixiviation  of  silver  ores,  Mr.  E. 
H.  Russel,  it  is  said,  discovered  that  a  solution  of  a  double  salt  of  cuprous 
hyposulphite  and  sodium  hyposulphite  (formed  by  mixing  sodium 
hyposulphite  with  copper  sulphate)  exert  a  most  energetic  dissolving  and 
decomposing  action  upon  metallic  silver,  silver  sulphide,  silver  minerals 
belonging  to  the  group  of  antimonial  and  arsenical  sulphides,  and  other 
silver  combinations.  Hence,  if  a  charge  of  roasted  ore  is  first  lixiviated 
with  ordinary  sodium  hyposulphite  solution  to  dissolve  the  silver  chloride, 
and  subsequently  with  cuprous  hyposulphite  (this  solvent  is  called  the 
extra  solution)  an  additional  amount  of  silver  is  extracted,  which  would 
have  been  lost  in  the  tailings,  by  working  according  to  the  old  method 
alone.  Or,  if  the  roasted  ore  contain  caustic  lime  and  be  treated  with  the 
extra  solution,  the  deleterious  influence  of  the  caustic  lime  is  thereby 
neutralized.  In  the  same  way  the  extra  solution  may  be  applied  to  extract 
silver  from  raw  ores  without  previous  chloridizing-roasting,  or  to  lixiviate 
ores  after  they  have  been  subjected  to  an  oxidizing-roasting.  Mr.  Russel 
also  discovered  that  lead  can  be  completely  separated  from  a  sodium 
hyposulphite  solution,  as  lead  carbonate,  by  sodium  carbonate,  without 
precipitating  copper  or  silver. 

After  decanting  the  solution  from  the  lead  carbonate,  silver  and 
copper  are  obtained  from  it  in  the  usual  way.  This  method  of  separating 
lead  prohibits  the  use  of  calcium  polysulphide  as  a  precipitant  for  the 
sulphides,  because  calcium,  entering  the  regenerated  lixiviation-solutions, 
would  also  be  precipitated  as  a  carbonate  with  the  lead,  by  sodium 
carbonate ;  hence  sodium  sulphide  must  be  employed.  A  full  investigation 
has  demonstrated  that  this  is  by  no  means  detrimental,  as  sodium  sulphide 
and  sodium  hyposulphite  are  more  advantageously  used  in  the  lixiviation 
process  than  the  coiTesponding  calcium  salts. 

Finally,  Mr.  Russel  found  that  if  a  hyposulphite  solution  has  a  caustic 
reaction,  produced  by  caustic  soda  or  lime,  its  solvent  power  for  sUver  is 
materially  deteriorated.  This  defect  he  corrects  by  neutralizing  such  a 
solution  with  sulphuric  acid. 

The  Van  Patera  Process  {OrcUnary  Lixiviation). 
This  process  consists  in: — (1)  Crushing  the  ore  (generally  with  rolls). 
(2)  Dryuig  the  ore.     (3)  Roasting  with  salt.     (4)  Leaching  out  the  base- 
metals  with  hot  or  cold  water.*     (5)   Leaching  out  the   silver  with 

*  The  base-metal  chlorides  in  the  water  may  carry  off  O'o  to  3  per  cent,  of  silver, 
but  this  can  be  recovered  by  simple  dilution,  unless  chlorides  of  lead  and  antimony 
be  present  (which  are  likewise  precipitated),  in  which  case  cither  the  ore  must 
be  leached  from  below,  under  slight  pressure,  or  the  silver  must  be  precipitated  in 
troughs  outside  the  tubs. 


PROCESSES   OF   ORE   TREATMENT.  125 

hyposulphite  of  soda,  (6)  Precipitating  the  silver.  (7)  Roasting  the 
sulphide  of  silver  and  melting  to  bullion . 

It  is  capable  of  saving  about  85  per  cent,  of  the  silver  in  the 
chloridized  ore,  assuming  it  to  be  suited  to  this  class  of  treatment. 

The  writer  will  not  stop  to  refer  to  other  wet  methods,  such  as  the 
Claudet  and  the  Kiss,  for  gold  and  silver  ores,  and  the  Augustine  and 
Ziervogel,  used  for  the  treatment  of  argentiferous  copper  matte,  though 
they  all  undoubtedly  possess  special  features  of  interest. 

The  difference  between  the  Russel  process  and  ordinary  lixiviation, 
must  however  be  alluded  to. 

1.  It  requires  a  less  careful  chloridizing-roasting,  and  on  that  ac- 

count a  lower  percentage  of  common  salt  may  be  used  in  roasting. 

2.  It  extracts  a  higher  percentage  of  silver  by  means  of  the  extra 

solution.     This  is  specially  of  importance  in  treating  raw  ores, 
and  in-  lixiviating  roasted  ores  containing  caustic  lime. 

3.  It  produces  sulphides  free  from  lead. 

4.  It  yields  lead  in  the  form  of  lead  carbonate  as  a  valuable  bye- 

product. 

5.  It   overcomes   the   deleterious   effect   of  a   caustic   lixiviation- 

solution,  by  neutralizing  it  with  sulphuric  acid. 

6.  It  uses  sodium  hyposulphite  and  sulphide  exclusively,  and  not 

the  corresponding  calcium  salts. 

Ores  suitaUefor  Treatment  hy  the  Russel  Process. — It  is  claimed  by  Mr. 
Stetefeldt  that  almost  all  silver  ores  that  do  not  carry  a  large  percentage 
of  lead  or  copper,  can  be  treated  by  lixiviation  with  success  and  economy. 
He  says  : — "  I  do  not  mean  to  create  the  impression  that,  from  ores  con- 
taining more  or  less  lead  and  copper,  a  high  percentage  of  the  silver  can- 
not be  extracted  by  this  process.  Such  ores,  however,  will  in  most 
localities  be  reduced  to  better  advantage  by  smelting." 

It  is  safe  to  state  that  all  ores  fit  for  amalgamation  can  also  be  treated 
by  lixiviation,  and  that  the  Russel  process  may  succeed  where  amalgama- 
tion is  a  failure.  In  cases  where  lead-bearing  silver  ores  are  suitable  for 
concentration,  it  may  be  profitable  to  concentrate  the  ore  by  the  Krom 
dry  system,  obtaining  and  smelting  product,  high  in  lead,  and  to  lixiviate 
after  roasting  the  tailings  and  the  dust. 

The  dry  system  of  concentration  deserves  the  preference,  because  it 
delivers  the  tailings  and  the  dust  in  a  condition  ready  for  chloridizing- 
roasting.  In  wet  concentration,  the  drying  of  the  tailings  would  be 
expensive,  and  there  would  be  a  considerable  loss  of  silver  in  slimes. 
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Oxidized  ores,  containing  silver  chloride  and  lead  minerals,  may  be 
lixiviated  after  crushing,  and  the  tailings  may  be  concentrated  for  lead. 
In  this  case  wet  concentration  would  be  most  suitable.  This  has  been 
done  at  the  Old  Telegraph  mine,  Utah.  The  Eussel  process  is  also 
adapted  to  the  treatment  of  tailings,  resulting  from  ores  which  have 
been  worked  either  by  the  old  lixiviation  process,  or  by  amalgamation. 
Whether  it  is  more  profitable  to  lixiviate  an  ore  raw,  or  after  chloridizing- 
roasting,  or  after  oxidizing-roasting,  must  be  determined  in  each  case  by 
actual  experiment. 

Personally,  on  commercial  and  other  grounds  the  writer  cannot  take 
^Ir.  Stetefeldt's  view  with  regard  to  using  dry  concentration  as  an 
adjunct  to  lixiviation,  unless  recent  improvements  have  been  made  in  the 
process,  wliich  he  is  unacquainted  with ;  though,  of  course,  this  is  merely 
a  side  question,  and  on  the  main  issue  Mr.  Stetefeldt  is  no  doubt  one  of 
our  greatest  living  authorities. 

Smelting. 

Although  this  is  one  of  the  most  important  methods  of  beneficiating 
ores  of  gold  and  silver,  such  as  contain  large  amounts  of  lead  and  copper 
(a  class  by  themselves),  which  can  rarely  be  treated  in  any  other  way,  the 
writer  does  not  propose  going  into  this  branch  of  the  subject,  beyond 
stating  that  favourable  local  conditions  with  regard  to  nature  and  grade 
of  the  ore,  and  the  possession  of  cheap  and  suitable  fuel  and  transport, 
skilled  labour,  fluxes,  dump-accommodation,  water,  and  other  things  are 
necessary  to  render  works  of  the  kind  a  success.  A  convenient  central 
situation,  and  regular  supply  of  ore  in  sufficient  quantity,  to  keep  the 
furnaces  running  steadily,  being  two  most  important  points. 

Notwithstanding,  however,  that  the  gross  cost  of  a  smelting-process 
is  large,  the  high  value  of  the  products  it  yields  frequently  justifies  its 
employment,  even  in  comparatively  out-of-the-way  parts  of  the  world. 

Under  circumstances  of  this  kind  water-jacketed  furnaces  of  the 
Piltz  type,  seem  to  be  gaining  more  and  more  ground  in  argentiferous- 
lead  smelting  in  the  Western  States  of  America,  and  are  most  highly 
successful,  more  particularly  as  regards  cost,  which  precludes  the  use  of 
high-class  metallurgical  fuel  (in  many  places  practically  unprocurable). 

Every  metallurgical  process  gives  rise  to  a  certain  amount  of  loss. 

The  losses  in  roasting  have  been  already  referred  to,  and  some  of  their 
causes  explained,  and  as  roasting  is  necessary  to  prepare  most  classes  of 
ore*  for  smelting,  it  is  well  to  bear  the  facts  in  mind. 

*  If  they  contain  an  excess  of  5  per  cent,  of  sulphur. 
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A  further  loss  ensues  in  the  actual  smelting,  part  of  the  precious  and 
base  metals  being  volatilized  or  mechanically  carried  out  of  the  furnace, 
and  parts  entangled  in  the  slag,  while  a  still  further  loss  takes  place  in 
refining  the  lead  bullion. 

As  a  rule,  the  loss  in  smelting  proper  in  the  "Western  States  of  America, 
may  be  put  down,  the  writer  believes,  at  3  to  4  per  cent,  of  the  silver, 
and  a  variable  amount  of  lead,  depending  chiefly  on  the  percentage  of  the 
latter  metal  in  the  ore.*  This  loss  of  lead  varies  under  these  and  other 
circumstances  from  5  to  as  much  as  15  per  cent. 

The  saving  of  gold  and  silver  can  be  put  down  at  90  to  98  per  cent. 

The  same  remarks  that  apply  to  concentration,  in  comparing  European 
and  American  practice,  apply  equally  to  smelting,  and  the  point  to 
determine  is  how  far  close  work  can  be  carried,  to  yield  most  profit  on  the 
money  invested,  in  view  of  the  cost  of  treatment. 

The  cost  of  smelting  is  extremely  variable,  and  depends  on  the  price  of 
labour,  fluxes,  fuel,  composition  of  the  charge,  and  its  behaviour,  size  of 
furnace,  arrangement  of  plant,  freight  and  refinery-charges  on  bullion, 
and  other  circumstances. 

Under  the  most  favourable  conditions  as  regards  ore,  fluxes,  fuel,  etc., 
the  most  docile  lead  ores  may  be  smelted  as  low  as  12s.  6d.  to  16s.  8d. 
per  dry  ton.  Under  unfavourable  conditions  the  cost  of  smelting  may 
run  from  £1  Os.  lUd.  to  £6  5s.,  but  from  £3  2s.  6d.  to  £5  4s.  2d.  is  a 
closer  average.  In  some  cases,  in  dealing  with  smelting  ores  it  will  pay 
better  to  concentrate  close,  and  ship  and  sell  the  concentrated  ore,  than 
to  smelt  on  the  spot.  In  this  connexion,  it  is  to  be  noticed  that  the 
degree  to  which  concentration  ought  to  be  carried,  in  preparing  an  ore 
for  smelting,  depends  on  the  value  or  otherwise  of  the  concentrates  and 
the  gangue  as  a  flux.  The  relative  cost  of  shipping  the  work-lead  to 
refining  works,  or  of  refining  locally,  has  also  to  be  considered. 

By  far  the  greater  proportion  of  the  ores  produced  in  the  silver-lead 
mining  camps  of  the  States  are  sold  under  contract  or  at  public  auction, 
on  account  of  the  mine  owners,  to  custom  smelting  establishments,  to 
which  sampling  works  for  mechanically  sampling  the  ore  are  generally 
attached. 

The  dry  weight,  i.e.,  the  percentage  of  moisture,  is  usually  left  to  the 
smelter  to  determine. 

A  higher  charge  is  necessarily  exacted  when  the  ores  are  sulphides 
or  highly  siliceous.     Zinc,  sulphate  of  baryta,  and  occasionally  silica,  are 
*  "  Notes  on  Western  Lead  Smelting,"    W.    S.    Keyes.     Eighth  Report  of  the 
California  State  Mining  Bureav,  page  804. 
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charged  for  at  so  much  per  unit,  in  excess  of  a  certain  percentage  fixed  by 
the  smelter ;  5  per  cent,  more  zinc  being  commonly  allowed  in  oxidized 
than  in  sulphuretted  ores. 

When  the  ore  is  calcareous,  or  highly  charged  with  oxide  of  iron,  a 
rebate  on  the  ordinary  public  tariff-price,  which  represents  their  maximum 
charges,  is  often  allowed  by  smelters.  As  regards  the  lead,  some  smelters 
require  a  certain  minimum,  and  an  extra  charge  is  made  for  each  per  cent, 
of  lead  below  it ;  as  a  rule,  no  payment  is  made  when  the  assay  shows  less 
than  10  per  cent. 

It  is  usual  to  deduct  5  per  cent,  for  loss  of  silver  in  the  ore,  and 
calculate  the  value  on  New  York  quotations  for  the  balance ;  when,  how- 
ever, the  ores  are  dry  or  siliceous,  a  still  further  deduction  is  made,  often 
as  high  as  10  per  cent,  for  100  ounces  ore,  but  less  for  higher  grades. 

The  gold  is  paid  for  from  ^th  of  an  ounce  per  ton  upwards,  at  the  rate 
of  £3  15s.  to  £3  19s.  2d.  per  ounce.  New  York  quotations  for  silver  and 
lead  on  the  day  of  settlement,  are  assumed  as  the  basis  of  price. 


[To  be  confimted.) 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL     MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

February  11th,  1893. 


Mr.  J.  B.  SIMPSON,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  January 
28th  and  February  11th. 


The   following    gentlemen    were    elected,    having    been    previously 
nominated  : — 

Members — 

Mr.  Thomas  Alexander  Allan,  Consulting  Mining  Engineer,  Brightlands, 

Richmond  Hill,  Surrey. 
Mr.  Thomas  Breakell,  Mining  Engineer,  92,  Denmark  Road,  Greenheys, 

Manchester. 
Mr.  Wallace  Thorneycroft,  Mining  Engineer.  6,  Dixon  Street,  Glasgow. 
Mr.  Henry  Thomas  Wales,  Mining  Engineer,  104,  St.  Mary  Street,  Cardiff. 

Associate  Members — 

Mr.  James  Ernest  Blenkiron,  Mining  Engineer,  West  House,  Arkengarth- 
dale,  Richmond,  Yorkshire. 

Mr.  J.  Cartmel  Ridley,  Steel  Manufacturer,  3,  Summerhill  Grove,  New- 
castle-upon-Tyne. 

Associate — 
Mr.  John  Spry,  Surveyor,  Murton  Colliery,  via  Sunderland. 


The  following  gentlemen  were  nominated  for  election  : — 

Members — 
Mr.  M.  W.  Barker,  P.O.  Box  1,46.S,  Johannesburg,  Transvaal. 
Mr.  Henry  B.  Bunkell,  P.  O.  Box  962,  Johannesburg,  Transvaal. 
Mr.   William   Young   Campbell,  Mining  Engineer,  etc.,  P.O.   Box  357, 
Johannesburg,  Transvaal. 
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Mr.   William   Charlton,   Mining  Engineer,  Linares,  Provincia  de  Jaen, 
Spain. 

Mr.  Shebard  Osborn  Cowper-Coles,  Manager,  London  Metallurgical  Com- 
pany, Limited,  80,  Turnmill  Street,  London,  E.C. 

Mr.  James  Hubert  Dangar,  Camborne,  Cornwall. 

Mr.  J.  Hubert  Davies.  Electrical  Engineer,  P.O.  Box  455,  Johannesburg, 
Transvaal. 

Mr.  Alfred  Dumat,  Mechanical  and  Railway  Engineer,  1,  Loop  Street,  Pieter- 
maritzburg,  Natal. 

Mr.  E.  W.  EvAKS,  Mining  Engineer,  P.O.  Box  357,  Johannesburg,  Transvaal. 

Mr.  Louis  Faragher,  Mine  Agent,  Cape  Copper  Co.,  Ld.,  Ookiep,  Namaqua- 
land.  South  Africa. 

Mr.  Albert  H.  Halder.  Consulting  Engineer,  Pietersburg,  Transvaal. 

Mr.  J,  Kerr  Houlgate,  Mining  Engineer,  69,  Lowther  Street,  Whitehaven. 

Mr.  John  Arthur  Jones,  Mining  Engineer  and  Analytical  Chemist,  Gijon, 
Asturias,  Spain. 

Mr.  John  O'Gorman  Lalob,  Mining  Engineer  and  Metallurgist,  P.O.  Box  357, 
Johannesburg,  Transvaal. 

Mr.  Henry  Lakin  Lawrence,  Mining  Engineer,  Mines  de  Pierrefitte,  Pierre- 
iitte-Nestalas,  Hautes  Pyrenees,  Fi-ance. 

Mr.  Richard  A.  D.  Liebert,  Mechanical  Engineer.  P.O.  Bos  357,  Johannes- 
burg, Transvaal. 

Mr.  R.  H.  Longbotham,  Mining  Engineer,  Westgate,  Wakeiield. 

Mr.  David  Alexander  Louis,  Metallurgical  and  Mining  Engineer,  77,  Shir- 
land  Gardens,  London,  W. 

Mr.  John  S.  Mac  Arthur,  Metallurgist,  12,  Knowe  Terrace,  Pollokshields, 
Glasgow. 

Mr.  John  Hodgson  Nicholson,  Mining  Engineer,  Seaton  Delaval  Colliery, 
Northumberland. 

Mr.  Francis  Daniel  Peter,  Mining  Engineer,  Greymouth,  New  Zealand. 

Mr.  John  Gunsen  Selkirk,  Mining  Engineer,  Dalton-in-Furness. 

Mr.  A.  Humboldt-  Sexton,  Professor  of  Metallurgy,  Metallurgical  Depart- 
ment, Andersonian  Buildings,  204,  George  Street,  Glasgow. 

Mr.  Charles  Liddell  Simpson,  Mechanical  Engineer,  Engine  Works,  Gros- 
venor  Road,  Pimlico,  London. 

Mr.  Arthur  James   Stevens,   Mechanical  Engineer,  Uskside  Ironworks, 
Newport,  Monmouthshire. 

Mr.  W.  Henwood  Trelease,  Chief  Agent  of  the  Pestarena  United  G.  M.  Co., 
Ld.,  Pestarena,  Vall'Anzasca,  Novara,  Italy. 

Associate— 
Mr.  Joseph  Thompson,  Overman,  38,  Church  Street,  Murton  Colliery. 


Mr.   Egbert    T,    Moore   read  the  followiug   paper  on    "Joseph 
Moore's  Hydraulic  Pumpiug  Arrangement  "  : — 
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JOSEPH  MOORE'S  HYDRAULIC  PUMPING  ARRANGEMENT. 


By  ROBT.  THOS.  MOORE. 


The  problem  of  how  best  to  drain  our  mines  is  one  of  the  greatest 
interest  to  an  institution  such  as  this.  It  would  be  easy  to  dilate  upon 
the  inconvenience  of  pump-rods  and  upon  the  expensive  nature  of  theii- 
up-keep,  and  also  upon  the  destructive  and  expensive  nature  of  break- 
downs, when  the  full  power  of  the  engine  is  continued  without  resistance. 
This,  however,  is  so  well  known  to  the  members  that  it  is  unnecessary  to 
take  up  the  time  by  discussing  it. 

But  it  may  be  stated  that  these  difficulties  have,  in  a  great  measure, 
set  men  thinking  as  to  whether  they  could  not  dispense  with  pump-rods 
altogether  ;  and  the  direction  that  this  search  for  a  new  method  so  far  has 
taken  has  been  to  place  the  steam  engine  at  the  bottom  of  the  pit  or  in 
the  mine,  carrying  the  steam  from  the  surface  or  erecting  boilers  under- 
ground. Within  the  last  few  years  electricity,  hydraulic  power,  and  other 
expedients  have  been  tried  with  varying  degrees  of  success. 

The  an*angement  now  to  be  described  is  a  form  of  hydraulic  pumping. 
It  is  at  present  extensively  used  in  Scottish  mines,  and  it  is  thought  that 
a  description  of  it  may  be  of  interest  to  members  of  the  Institute. 

The  arrangement  enables  two  columns  of  water  to  be  substituted  for 
the  ordinary  pump-rods  connecting  the  steam  engine  with  the  pump, 
which  may  be  placed  any  distance  from  each  other.  Advantage  is  taken 
of  the  fact  that  water  is  practically  incompressible,  and  that  if  a  pipe  of 
any  length  is  filled  with  water  a  plunger  at  one  end  will,  if  pushed  forward, 
propel  a  plunger  placed  at  the  other  end  in  the  same  direction.  If  there 
were  two  pipes  and  two  plungers  there  would  be  a  reciprocating  motion. 

The  action  will  readily  be  seen  from  Fig.  1,  Plate  XVII.,  which  is 
not  drawn  to  scale,  but  is  merely  for  the  purpose  of  illustrating  the 
arrangement. 

At  the  steam  engine  is  a  hydraulic  cylinder  a  &,  in  which  works  a 
piston  p  called  the  power  ram,  and  this  is  moved  by  a  crank  driven  by  the 
steam  engine. 
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At  the  pump  is  a  cylinder  c  d,  exactly  the  same  as  that  at  the  steam 
engine  and  in  this  is  a  piston  q  also  called  a  power-ram.  This  power-ram 
is  attached  to  the  plunger  r  of  a  double-acting  pump. 

A  pipe  e  connects  the  end  a  of  the  power-cylinder  at  the  engine  with 
one  end  d  of  the  power-cylinder  at  the  pump.  A  similar  pipe  /  connects 
the  other  end  b  of  the  power- cylinder  at  the  engine  with  the  end  c  of  the 
cylinder  at  the  pump. 

When  both  cylinders  and  pipes  are  filled  with  water,  and  the 
piston  p  is  moved  by  the  engine  from  a  towards  b,  the  water  in  the 
cylinder  is  forced  through  the  pipe /into  the  c  end  of  the  cylinder  c  d  ai 
the  pump,  and  the  power-piston  q  is  moved  from  c  towards  d. 

In  like  manner  when  the  piston  at  the  engine  moves  from  b  towards 
a,  that  at  the  pump  moves  from  d  towards  c,  carrying  the  pump  with  it. 
In  this  way  the  pump  is  moved  backwards  and  forwards  in  the  same  way 
as  if  there  had  been  a  direct  connexion  with  rods  between  the  steam 
engine  and  the  pump. 

In  order  to  provide  for  leakages  a  tank  is  placed  above  the  level  of 
the  highest  point  of  the  power-pipes  with  pipes  from  it  to  the  power-pipes 
ef.  On  the  end  of  each  pipe  is  a  valve  opening  inwards,  so  that  when 
the  engine  moves  the  jwwer-ram  p  from  b  to  a,  water  may  run  from 
the  tank  into  the  pipe  /.  When  it  moves  from  a  to  b,  water  may  run 
into  e. 

An  arrangement  of  this  kind  will  not  work  satisfactorily  unless  there 
are  means  for  regulating  the  stroke  of  the  pump.  For  example,  if  by  any 
cause  the  piston  when  being  moved  from  d  to  c  were  to  stop  before  com- 
pleting its  stroke  the  succeeding  stroke  from  c  to  d  would  be  too  long, 
and  the  ram  would  be  driven  against  the  end  of  the  pump  and  do  damage. 
To  obviate  this,  a  case  with  two  small  valves  j  k  is  placed  at  the  power- 
rams  with  pipes  g  h  connecting  the  power-pipes  e  and  /.  Attached  to 
these  valves  are  levers  I  and  m  which  work  thus : — 

When  the  piston  passes  the  ordinary  stroke,  the  tappet  s  strikes 
the  lever  m  which  opens  the  valve  j,  and  the  compressed  water  passes 
from  the  column  /  through  the  opened  valve  y  Lifting  and  passing  through 
the  valve  k  and  running  into  the  column  e,  thus  taking  the  pressure  off 
the  power-piston  and  stopping  it.  In  the  next  stroke  from  d  to  c  the 
water  is  stopped  by  the  valve  k,  and  the  piston  makes  the  full  stroke, 
stopping  before  the  tapjDet  reaches  the  lever. 

It  will  thus  be  seen  that  the  adjustments  are  automatic,  and  in 
practice  they  are  found  to  be  very  complete. 

Having  described  the  principle  of  the  arrangement,  the  following 
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description  of  a  plant  at  the  Linlithgow  Oil  Company's  Champfleui'ie 
mines,  will  show  an  application  of  it. 

The  steam  engine  (Figs.  2  and  3,  Plate  XVII.),  is  placed  on  the  surface, 
50  feet  from  the  mouth  of  the  mine  which  dips  from  the  sm'face  at  an 
inclination  of  1  in  3  :  the  pump  is  placed  500  yards  from  the  surface  and 
throws  the  water  83  fathoms  vertically. 

The  engine  is  high-pressure,  with  a  cylinder  20  inches  in  diameter 
and  4  feet  stroke,  and  is  geared  to  the  pumping  crank-shaft  at  the  rate  of 
6  to  1,  the  small  wheel  being  20  inches  in  diameter  and  the  large  wheel 
10  feet  in  diameter.  The  pump  is  double-acting,  12  inches  in  diameter 
and  4  feet  stroke.  It  is  driven  8,  4  feet  strokes,  and  discharges  300 
gallons  per  minute.     It  has  been  in  operation  for  two  years. 

The  surface  power-rams  are  two  soM  steel  plungers  b  and  c,  6  inches 
in  diameter  and  4  feet  stroke,  and  are  worked  by  a  coimecting-rod  d  from 
the  crank  e.  Malleable  iron  power-pipes  /and  g,  2f  inches  bore  and 
f  inch  thick,  pass  from  the  ends  of  the  power-ram  casings  to  the  power- 
rams  at  the  pump.  A  pipe  j,  |  inch  in  diameter  reaches  from  the  supply 
tank  to  the  valve-box  /c,  with  two  valves  1  inch  in  diameter  opening 
inwards  to  the  power-pipes.  A  pipe  /,  |  inch  in  diameter  connects  the 
top  of  one  valve  with  the  power-pipe  /,  and  another  w  connects  the  other 
with  the  power-pipe  (j  at  the  pump. 

The  mine  pump  (Figs.  4  and  5,  Plate  XYII.)  is  horizontal  and 
consists  of  two  rams  m  and  w,  12  inches  in  diameter  and  4  feet  stroke, 
face  to  face,  and  connected  to  a  cross-head  s.  The  power-rams  o  o  and 
p  p,  each  4  inches  diameter,  are  placed  alongside  of  each  pump-plunger, 
and  are  connected  to  the  cross-head. 

The  power-rams  o  o  are  connected  with  each  other  by  the  pipe  q,  and 
are  connected  with  the  surface  power-ram  by  the  power-pipe. 

In  like  manner  the  power-rams  p  p  are  connected  together  and  con- 
nected with  the  surface  power-ram  by  the  power-pipe. 

The  tappet  s  on  the  cross-head  is  so  placed  that  when  the  pump  has 
come  to  near  one  end  it  comes  into  contact  with  the  levers  /  or  u,  and  one 
of  the  equalizing  valves  in  the  casting  v  is  opened,  and  the  water  passes 
from  one  power-pipe  to  the  other,  and  the  plunger  stops. 

The  maximum  pressure  of  the  water  in  the  power-pipes  is  about 
2,000  lbs.  per  square  inch. 

At  Balquhatstone  colliery,  Slamannan,  there  are  two  sets  of  double- 
acting  12  inches  pumps  worked  by  one  geared  engine,  raising  600  gallons 
a  minute  from  the  bottom  of  a  vertical  shaft  05  fathoms  deep.     The 
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driving  cranks  for  the  surface  power-rams  are  fixed  at  right  angles,  so 
that  the  engine  is  balanced.  Either  pump  can  be  worked  independently 
of  the  other  by  disconnecting  the  power-rams  at  the  engine,  so  that  it 
forms  a  duplicate  plant.  This  is  found  to  be  a  very  good  arrangement 
and  several  installations  have  been  fitted  up  on  this  plan. 

This  system  has  been  applied  for  sinking.  Figs.  6,  7,  8,  and  9, 
Plate  XYIII.,  show  a  sinking  pump  which  was  used  for  raising  300  to 
500  gallons  per  minute  during  the  sinking  of  a  shaft  100  fathoms  deep. 

It  will  be  seen  from  the  drawing  that  the  pumps  slide  in  wooden 
guides  like  a  cage,  and  the  whole  arrangement  of  pumps,  power-pipes, 
and  rising  column  is  carried  by  iron  rods  from  a  hydrauhc  ram  fixed  over 
the  pit.  The  plungei-s,  which  are  hollow,  are  placed  vertically,  and  the 
one  plunger  is  half  the  area  of  the  other,  so  that  the  pump  is  double- 
acting.  The  lower  pump  plunger  is  18  inches  in  diameter  and  has  a 
clack  inside  of  it.  At  the  bottom  of  the  plunger-casing  is  a  clack-piece, 
and  below  that  is  the  suction. 

The  upper  plunger  is  12|  inches  in  diameter. 

The  upper  casing  is  connected  to  the  rising  main,  and  the  lower  one 
is  connected  with  the  upper  by  four  bolts. 

The  power-rams  work  in  the  same  way  as  in  the  horizontal  pump 
already  described. 

The  following  is  the  action  of  the  pump : — When  the  plungers  ascend, 
the  lower  plunger  lifts  a  quantity  of  water  represented  by  a  plunger  18 
inches  in  diameter  and  it  passes  up  tlu-ough  the  lower  valve,  the  valve 
inside  the  plunger  remaining  shut.  When  the  plungers  descend,  the  valve 
at  the  bottom  shuts,  while  the  valve  in  the  plunger  opens,  allowing  the 
whole  water  from  the  18  inches  plunger  to  pass  through  it,  but  as  the  12 
inches  plunger  is  descending  out  of  the  casing  at  the  same  moment,  only 
half  of  the  water  ascends  to  the  surface  and  the  other  half  fills  the  space 
occupied  by  the  12  inches  plunger.  When  the  plunger  ascends  again,  the 
12  inches  plunger  discharges  the  water  into  the  rising  main. 

Immediately  above  the  upper  baiTel  is  an  aii*- vessel,  14  feet  long, 
made  of  malleable  iron.  The  water  passes  up  a  central  pipe  which  dips 
down  from  the  top  of  the  air-vessel,  and  it  is  the  annular  space  round 
this  central  pipe  which  foi-nis  the  air-space,  the  central  pipe  communi- 
cating at  the  top  with  the  rising  main. 

A  cup  and  small  discharge-pipe  are  provided  for  receiving  and  at 
convenient  intervals  discharging  any  sediment  deposited  from  the 
ascension  pipe. 
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The  rising  main  is  made  of  malleable  iron,  in  24  feet  lengths,  and 
having  cast-iron  flanges  riveted  to  them.  The  joints  are  spigot  and 
faucet,  and  are  made  with  a  ring  of  gutta-percha,  f  inch  in  diameter. 

The  hydraulic  ram  is  worked  with  a  small  steam  engine,  and  raises  and 
lowers  the  whole  pumps  and  columns.  The  lever  which  works  this  engine 
stops  the  main  engine  on  the  surface,  and  opens  a  valve  communicating 
with  the  power-pipes,  so  as  to  let  off  the  pressure  due  to  their  sliding  into 
the  sleeve-pipes  when  the  pump  is  raised. 

The  upper  two  lengths  of  the  rods  are  provided  with  holes  into  which 
a  key  is  put  for  the  plunger  of  the  ram  to  press  against. 

Attached  to  the  girder  which  supports  the  ram  are  two  rods  a  a  (Figs. 
10  and  11,  Plate  XYIII.)  of  the  same  strength  as  the  main  rods,  carrying 
a  cross-head  &,  with  recesses  like  a  boring  tool  for  catching  the  heads  of 
the  rods,  which  have  a  shoulder  made  to  fit  it.  When  the  ram  has  run 
its  full  length  this  is  put  under  the  rods,  and  the  whole  weight  of  pipes, 
etc.,  rested  upon  it.  A  new  length  of  rods  is  put  in,  and  the  ram  is  run 
out  until  it  comes  in  contact  with  the  key.  The  temporary  rest  is  then 
removed  and  the  ram  is  ready  for  further  lowering. 

On  the  top  of  the  rising  column  is  placed  a  "  hogger "  of  sufficient 
length  to  allow  the  water  to  fall  into  the  discharge  drain,  and  the  power- 
pipes  work  in  stuffing  boxes  /  m. 

The  an-angement  for  changing  the  upper  clack  is  rather  peculiar. 
The  smaller  plunger  is  carried  down  into  the  middle  of  the  larger  one  as 
shown  in  the  drawing,  and  at  Fig.  14,  Plate  XYIII.,  and  terminates  in  a 
recess  in  which  works  the  T-shaped  head  of  the  clack.  When  it  is  in 
operation  the  lid  has  free  room  to  move  up  and  down  without  check. 
When  the  clack  is  to  be  shifted  the  column  of  water  is  run  off,  the  piunp 
raised  to  the  top  of  its  stroke,  and  the  upper  plunger  disconnected  from 
the  lower  one  and  suspended  by  two  links.  The  lower  plunger  is  then 
lowered  down.  The  clack-lid  remains  hung  by  the  T-head  on  to  the 
inner  plunger ;  and  as  the  lower  plunger  descends  is  left  outside,  when  it 
is  drawn  out  of  the  slot  and  renewed.  The  lower  plunger  is  then  raised 
and  the  two  connected,  the  clack  having  then  room  to  work  as  before. 

This  sinking-pump  was  erected  in  a  gold-mine  in  Nevada,  but  so  far 
all  the  pumps  erected  in  this  country  have  been  horizontal,  and  fixed 
either  at  the  bottom  of  the  shaft  or  in  the  workings. 

The  steam  engines  for  driving  these  pumps  may  be  either  direct- 
acting  or  geared,  as  may  be  found  most  convenient.  In  most  of  those 
erected,  the  engines  are  geared  in  the  proportion  of  8  to  1,  so  as  not  to 
drive  the  power-rams  more  than  8  strokes  per  minute. 
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A  pump  worked  on  this  system  gave  a  useful  effect  of  68  per  cent,  of 
the  indicated  diagram  of  the  steam  engine  with  an  inclined  distance  of 
800  yards  between  the  engine  and  pump. 

Another  pump  gave  over  66  per  cent,  of  efficiency.  These  results 
compare  very  favourably  with  electricity  and  compressed  air. 

Some  of  the  advantages  of  the  system  are  : — The  large  percentage  of 
useful  effect  got  from  it.  The  engine  and  pumps  can  be  put  away  from 
the  shaft,  leaving  the  pit-head  and  pit-bottom  unobstructed  and  the  shafts 
clear  of  any  moving  pitwork.  The  saving  of  room  will  be  apparent  when 
it  is  stated  that  with  the  Balquhatstone  pump  there  are  only  four  lines  of 
3^  inches  pipes  in  the  shaft  to  drive  pumps  throwing  600  gallons  of  water 
a  minute,  65  fathoms  vertical.  In  inclined  and  dip  workings  the  power- 
pipes  may  be  led  round  any  number  of  bends.  The  parts  underground 
are  of  the  simplest  description  and  not  liable  to  get  out  of  order,  and 
there  is  no  need  for  an  attendant. 

Some  of  the  pumps  have  worked  covered  with  water.  Another 
advantage,  and  a  very  great  one,  is  that  the  small  amount  of  room  taken 
up  by  the  apparatus  facilitates  the  erection  of  duplicate  arrangements, 
whereby,  should  any  breakdown  take  place,  the  pmnping  could  be 
continued  by  one  of  the  engines  until  the  repairs  are  completed. 

As  regards  cost,  perhaps  the  simplest  way  will  be  to  quote  an  offer 
made  to  supply  a  colliery  with  plant  for  raising  400  gallons  of  water  per 
minute  from  the  bottom  of  a  shaft  150  fathoms  deep.  Boiler  pressure 
100  lbs.  per  square  inch. 

The  water  to  be  raised  in  two  75  fathoms  lifts,  a  double-acting  pump 
with  plungers  14  inches  in  diameter,  5  feet  stroke,  to  be  put  at  the  pit 
bottom  to  throw  half-way  up  the  shaft,  at  which  point  another  pump  of 
exactly  the  same  size  is  placed  to  throw  the  water  to  the  surface. 

Engine — 

Compound  high-pressure  cylinder,  ISinches  in  diameter] 
Low-pressure  cylinder, 30  inches  in  diameter...         ...  ( 


Stroke,  5  feet         ...  ( 

2r  ) 


£900 


Gearing,  6  to  1,  large  wheel  being  12  feet  in  diameter 
Two  sets  of  pumps  each. 

Surface  power-rams,  6|  inches  in  diameter 

Stroke,  5  feet  ...         

Pumps,  double-acting,  14  inches  in  diameter \    ...    £l,luO 

Power-rams  (two  pairs  each),  4^  inches  in  diameter... 

Stroke,  5  feet         

Power-pipes,  3J  inches  bore,  ^  inch  thick,  say  3,000 
feet  at  3s.  6d.       ...         £525 

Total  cost  £2,525 
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Mr.  C.  C.  Leach  asked  what  advantages  the  Moore  pump  had  as  com- 
pared with  the  ordinary  hydraulic  pump  ? 

Mr.  R.  T.  Moore  said  one  advantage  was  that  the  water  in  the  pipes 
was  never  changed,  and  consequently  there  was  no  difficulty  as  to  work- 
ing with  clean  water.  Again,  in  the  ordinary  hydraulic  pump  some  form 
of  valve  was  required  to  admit  the  water  alternately  into  each  end  of  the 
power-cylinder,  while  in  this  pump  there  were  no  valves ;  and  the 
arrangements  underground  were  very  much  simpler  than  was  possible 
with  the  ordinary  hydraulic  pump,  which  was  practically  an  engine 
working  underground, 

Mr.  H.  Lawrence  said  one  great  advantage  accruing  from  this  system 
of  pumping  was  that  it  was  very  suitable  for  placing  at  the  bottom  of  a 
shaft  where  there  was  liability  of  being  drowned  out,  because  it  would 
still  work  unless  the  valve  aiTangement  went  wrong.  The  system  of  the 
ram  pump  was  not  in  any  way  different  from  what  was  otherwise  in  use  at 
the  present  time.  The  novelty  consisted,  to  a  large  extent,  in  having  two 
pipes  filled  with  water,  which  enabled  them  to  lead  the  power  whither  they 
liked,  but  he  thought  there  must  be  a  large  loss  by  friction  in  the  moving 
of  the  water  in  the  pipes.  They  all  knew  that  it  took  a  very  much  larger 
power  to  put  a  body  in  motion  than  to  keep  it  in  motion,  and,  although 
the  writer  stated  that  he  got  68  per  cent,  of  useful  effect,  that  was  not  a 
very  high  percentage  for  an  economical  pump.  Then,  again,  in  such 
instances  as  the  neAv  pumping  arrangements  now  being  erected  at  the 
"Wallsend  collieries,  he  was  afraid  that  as  an  engineer  he  could  not  advise 
its  use  for  a  large  pumping-plant,  but  for  small  depths,  and  for  the  uses 
referred  to  in  the  paper  he  dared  say  it  would  work  very  well.  As  to  the 
saving  of  space  in  the  shaft,  he  did  not  know  where  the  special  advantage 
arose  in  this  system,  inasmuch  as  two  pipes  were  put  down  the  pit  for 
the  motor,  but  there  must  be  another,  which  was  not  shown,  for  the 
delivery  of  water  to  bank.  So  that  they  must  have  three,  nay,  he  thought 
he  had  even  seen  four  pipes  ;  and  if  they  placed  an  ordinary  direct-acting 
pump  down  the  pit  they  would  only  have  one  pipe,  which,  he  thought, 
was  an  advantage,  as  it  would  have  very  much  less  friction  to  contend  with. 
The  system  described  was  deemed  to  be  very  applicable  to  sinking  shafts, 
because  it  could  be  moved  up  and  down  in  stages  as  the  water  was 
lowered,  and  the  applications  mentioned  in  the  paper  verified  that 
assumption.  There  was  another  point,  but  he  supposed  they  were  all 
subject  to  that,  viz.,  the  question  of  very  deep  pits,  where  300  or  -iOO  lbs. 
per  square  inch  would  represent  the  pressure  on  these  pipes,  whether  in 
such  cases  a  very  much  larger  amount  of  repair  would  not  be  required  ; 
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by  having  so  many  pipes  there  would  be  much  greater  risk  of  breakages, 
and  he  did  not  grasp  exactly  how  Mr.  Moore  proposed  to  work  with  one 
pump  in  case  anything  went  wrong  with  one  of  the  pipes. 

]\Ir.  W.  C.  Blackett  said  there  were  several  points  which  appeared 
to  require  a  little  elucidation.  The  writer  opened  the  paper  by  saying  it 
would  be  easy  to  dilate  upon  the  inconvenience  of  pump-rods,  and  upon 
the  great  cost  of  their  maintenance,  and  also  upon  the  destructive  and 
expensive  nature  of  any  accident ;  he  then  proceeded  to  describe  the 
Moore  hydraulic  pump,  thus  suggesting  that  it  was  intended  to  do  away 
with  pump-rods,  and  at  the  same  time  to  have  equally  efficient  apparatus, 
but  later  iu  the  paj^er  he  mentioned  that  a  pump  working  on  this  system 
gave  a  useful  effect  of  68  per  cent.  ;  was  it  meant  to  infer  that  this 
system,  with  68  per  cent.,  was  superior  to  the  ordinary  pump-rods  in 
useful  effect  ? 

Mr.  A.  L.  Steavenson  said  he  had  received  from  Mr.  Joseph  Moore 
copies  of  papers  which  he  had  read  descriptive  of  his  invention.  It 
appeared  to  be  a  very  useful  pump,  and  of  very  good  design ;  in  fact,  he 
had  referred  to  it  in  the  paper  he  recently  read  before  this  Institute  on 
the  subject  of  the  different  methods  of  power  transmission.  For  pump- 
ing out  of  a  shaft,  however,  he  should  still  adhere  to  the  old  fashion ;  but 
there  were  many  collieries  where  they  could  not  use  the  ordinary  pump- 
ing-plant  with  spears  in  the  shaft,  and  in  such  cases  nothing  could 
possibly  be  better  than  Mr.  Moore's  arrangement,  especially  if  they  knew 
the  volume  of  water  to  be  pumped,  and  that  the  feeder  did  not  increase  or 
alter  from  time  to  time.  In  these  cases  it  would  be  difficult  to  increase 
or  duplicate  the  pumping-plant.  The  appliance  seemed  most  ingenious, 
and  under  certain  circumstances  would  do  work  which  no  other  appliance 
could  perform.  He  suggested  that  the  naming  of  one  or  two  parts  of  the 
pump  might  be  altered.  Reference  was  made  to  the  piston  or  ram — but 
a  piston  is  not  a  ram.  He  would  have  preferred  to  call  it  ram  or  plunger, 
for  if  they  used  the  words  indiscriminately  they  must  add  double-acting, 
whereas,  if  they  kept  them  distinct  one  meant  single  and  the  other  double- 
acting.  Had  the  writer  at  any  time  tested  the  useful  effect  ?  Had  he 
measured  the  water  pumped  as  compared  with  the  work  done  by  the  steam 
in  the  engine  ? 

Mr.  R.  T.  Moore  said  the  work  done  in  raising  water  (as  measured 
by  the  height  the  water  was  lifted  and  the  water  pumjied)  was  68  per 
cent,  of  the  indicated  horse-power  of  the  steam  engine.  With  regard  to 
the  alternate  wording  ram  or  piston,  this  was  only  meant  to  convey  that 
either  might  be  used. 
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The  President  said  he  would  draw  attention  to  one  point,  with  respect 
to  placing  the  engine  on  the  surface  for  pumping  instead  of  adopting  the 
ordinary  method.  The  useful  effect  got  out  of  the  Moore  engine  appeared 
to  be  only  68  per  cent.,  but  with  ordinary  pumping-engines  the  effi- 
ciency was  at  least  80  per  cent.  If  they  were  to  substitute  a  pumping- 
engine  with  68  for  one  yielding  80  per  cent.,  although  probably  the  first 
cost  (according  to  the  figures  given  in  the  paper)  might  be  less,  yet  the 
annual  cost  of  fuel  would  be  larger — probably  nearly  20  per  cent,  more 
in  the  case  of  the  hydraulic  engine  than  with  the  ordinary  pum})ing- 
engine.  There  was  no  doubt,  in  certain  cases  underground,  the  use  of 
the  Moore  pumping-plant  would  prove  very  advantageous,  and  it  seemed 
to  be  extremely  ingenious ;  but  he  would  very  much  hesitate  to  adopt  it 
on  the  surface  in  preference  to  ordinary  methods,  on  account  of  its  low 
useful  effect. 

Mr.  H.  Lawrence  referred  to  some  experiments  he  made  many  years 
ago  with  a  beam  pumping-engine,  which  yielded  83  per  cent,  of  useful 
effect. 

Mr.  R.  T.  Moore  agreed  with  the  President  that  the  direct-acting: 
engine  placed  over  the  pit  would  give  an  efficiency  of  80  per  cent.;  he 
had  himself  indicated  as  high  as  85  per  cent. ;  but  it  must  be  remembered 
that  the  direct-acting  engine,  pulling  directly  on  the  rods  and  lifting  the 
plunger,  was  very  different  from  the  case  in  which  the  Moore  hydraulic 
pump  obtained  68  per  cent.,  the  pump  being  placed  800  yards  down  a 
mine  with  varying  inclinations.  Had  the  engine  been  fixed  on  the 
surface  with  the  pump  at  the  bottom  of  the  shaft,  the  useful  effect  would 
no  doubt  ha^'e  been  much  higher.  He  was  prepared  to  agree  with  the 
President  that  a  higher  useful  effect  would  be  got  by  placing  the  steam 
cylinder  directly  over  the  pit  and  pulling  directly  on  the  plunger  than 
with  any  arrangement  such  as  that  described  in  the  paper  or  with 
electricity,  but  arrangements  such  as  he  had  described  had  many 
advantages  to  commend  them.  There  was  the  advantage  of  being  able 
to  place  the  steam  engine  at  a  distance  from  the  pit  and  leaving  the 
ground  clear,  and  there  were  no  moving  parts  in  the  shaft.  Mr. 
Blackett  had  mentioned  the  questions  of  breakdowns  with  pump-rods, 
but  he  thought  that  with  this  system  there  would  be  no  breakdowns  in 
the  shaft.  The  only  moving  parts  were  at  the  engine  on  the  surface  and 
at  the  pump  underground ;  if  the  power-pipes  were  put  in  of  sufficient 
strength,  as  there  was  no  difficulty  in  doing,  the  repairs  cost  practically 
nothing.  The  loss  by  the  friction  of  the  water  in  the  pipes  was  a  very 
small  matter.     It  was  represented  by  a  column  of  water  2^  per  cent,  of 
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the  length  of  the  pipes.  With  4,000  feet  of  pipes,  this  was  100  feet  of 
water  or  43  lbs.  per  square  inch,  and  this  with  an  effective  pressure 
of  1,000  lbs.  per  square  inch  was  under  4^  per  cent.  As  a  matter 
of  fact,  in  experiments  which  he  had  made  there  was  not  a  great  loss  by 
friction  in  the  pijies.  It  certainly  represented  much  less  fuel  than  the  loss 
by  condensation  in  a  long  range  of  steam  pipes.  One  gentleman  said  that 
it  was  necessary  to  take  only  one  pipe  down  the  shaft  in  the  case  of  steam 
pumps,  but  it  must  be  borne  in  mind  that  in  such  cases  they  were  using  a 
fluid  (steam)  at  80  lbs.  per  square  inch,  whereas  in  the  hydraulic  pump 
they  were  working  with  1,000  lbs.,  consequently  a  smaller  pipe  was  needed 
at  the  higher  pressure,  and  although  two  pipes  were  required  the  room 
taken  by  the  two  was  not  so  great  as  by  the  one  for  steam.  He  thought 
that  a  steam  engine  underground  was  never  so  well  looked  after  as  one  on 
the  surface,  and  the  tendency  nowadays  was  to  keep  steam  out  of  the  pits 
as  much  as  possible.  With  regard  to  duplicating  pumps,  those  he  referred 
to  in  the  paper  were  simply  two  separate  sets  of  pumps  with  two  separate 
sets  of  power-pipes.  Either  set  could  be  worked  by  disconnecting  the 
pipes  at  the  surface.  They  were  really  two  entirely  separate  and  distinct 
pumps. 

Mr.  H.  Lawrence  asked  whether,  supposing  they  were  working  at 
40  or  50  fathoms  and  one  of  the  pipes  burst,  they  could  work  one-half  of 
the  pump  while  repairing  the  pipe  ? 

Mr.  R.  T.  Moore — With  this  plant  they  could.  When  a  valve  was 
being  changed  in  one  of  the  pumps,  one  set  of  power  rams  on  the  surface 
was  disconnected  and  the  other  kept  going.  As  a  matter  of  fact  they 
had  very  little  trouble  with  burst  pipes ;  they  were  tested  to  two  tons  per 
square  inch  before  being  used. 

Mr.  C.  C.  Leach  asked  if  there  was  any  trouble  with  the  water  in  the 
case  of  frost  ? 

Mr.  R.  T.  j^ToORE  said  the  joints  were  the  ordinary  hydraulic  pipe 
coupling,  tapering  to  the  centre.  They  had  had  no  trouble  with  the 
joints,  and  frost  did  not  affect  the  water  in  the  power-pipes  while  the 
pump  was  going.  Pipes  in  exposed  situations  were  covered  with  non- 
conducting material  to  prevent  freezing  when  the  pump  was  standing. 

Mr.  F.  Berkley  asked  if  either  the  sinking  or  the  horizontal  pump 
required  much  fixing  ? 

Mr.  R.  T.  Moore  said  they  did  not. 

Mr.  MuLHOLLAND  asked  if  the  length  of  stroke  was  the  same  in  the 
pit  as  at  the  engine  ?  It  seemed  to  him  that  there  would  be  some  efficiency 
lost  in  the  adjusting  arrangements  below. 
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Mr.  R,  T,  Moore  replied  that,  so  far  as  the  adjustment  by  the 
valves  was  concerned,  this  only  took  place  occasionally  and  only  when 
there  was  some  leakage.  This  might  be  not  more  than  one  stroke  out 
of  100.  There  no  doubt  was  loss  on  the  particular  stroke  when 
it  did  touch  the  valves,  but  it  was  inconsiderable.  With  regard  to 
the  difference  between  the  stroke  on  the  surface  and  underground, 
although  water  was  practically  incompressible,  it  was  not  altogether  so, 
and  with  this  system,  if  there  was  a  long  length  of  pipes,  the  compression 
was  such  as  to  make  the  stroke  underground  rather  shorter  than  on  the 
surface ;  but  this  difficulty  was  overcome  by  making  the  plunger  on  the 
surface  a  little  larger  than  the  other. 

Mr.  "W.  C.  Blackett  said  that  this  pump  appeared  for  many  in-bye 
purposes  to  be  an  extremely  good  one  and  probably  one  of  the  best,  but 
he  did  not  see  that  its  use  offered  any  advantage  when  placed  at  the  pit 
bottom  or  in  sinking  pits.  The  writer  claimed  certain  advantages  by  not 
having  any  moving  machinery  in  the  shaft,  but  there  was  the  moving 
columns  of  water,  and  he  did  not  see  that  this  system  possessed  any 
advantages  over  steam.  It  appeared  to  him,  too,  that  by  putting  steam 
down  the  shaft  they  would  get  a  higher  useful  effect  than  either  fi8  or  70 
l^er  cent.  The  arrangement  was  fairly  on  all  fours  with  compressed  air, 
except  that  it  gave  a  much  higher  efficiency.  The  writer  mentioned  that 
steam  engines  were  not  so  well  looked  after  underground  as  on  the 
surface,  but  he  (Mr.  Blackett)  took  exception  to  this  statement.  He 
believed  that  in  many  cases  they  were  quite  as  well  looked  after,  but 
supposing  they  were  not,  that  fact  hardly  constituted  an  advantage  in 
favour  of  another  system,  inasmuch  as  the  hydraulic  motor  which  Mr. 
Moore  would  put  down  the  pit  was  also  an  engine.  However,  the 
arrangement  was  an  excellent  one  for  certain  positions  in-bye,  and  if  he 
was  now  in  order  he  would  move  a  vote  of  thanks  to  the  author  for  his 
excellent  paper. 

Mr.  11.  T.  Moore  said  this  was  not  an  underground  engine.  It  was 
no  more  complicated  than  an  ordinary  ram-pump,  and  did  not  require 
any  more  attention.  He  would  like  to  draw  attention  to  the  fact  that 
rods,  even  in  a  vertical  shaft,  did  not  give  much  better  results  than  those 
he  had  got  with  a  long  length  of  pipes  and  varying  inclinations ;  had 
rods  been  used  in  that  case  they  would  not  have  given  nearly  such  a  good 
effect.  One  advantage — he  did  not  know  whether  he  had  made  it  quite 
clear — was  that  they  could  put  the  most  economical  form  of  rotary  engine 
to  drive  the  pumps,  and  he  was  inclined  to  think  that,  with  high-speed 
triple-expansion  engines,  as  good  economical  results  could  be  obtained 
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with  this  system  as  by  any  direct-acting  system.  Steam  pumps  with  the 
engine  at  one  side  and  the  ram  at  the  other  were  wasteful  of  steam,  and 
with  a  carefully  constructed  rotary  engine  on  the  surface  one  would  get 
better  results  with  this  system  than  with  a  steam  pump  down  the  pit. 
There  was  always  loss  by  condensation  in  taking  the  steam  down  the  pit, 
and  he  was  satisfied  that  the  coal  burned  for  raising  a  given  quantity  of 
water  was  much  greater  than  with  the  hydraulic  system  at  the  Shotts  Iron 
Co.'s  Mauricewood  mines,  when  hydraulic  pumps  were  put  in  to  replace 
steam  pumps  driven  by  steam  taken  down  the  pit  and  dip  mines.  The 
manager  of  the  colliery  stated  that  the  monthly  consumption  of  coal  was 
reduced  from  859  to  567  tons. 

The  President  said  it  would  be  very  interesting  to  know  the  useful 
effect  of  the  engine  at  Balquhatstone  colliery  if  it  could  be  ascertained. 

Mr.  Moore  said  he  would  obtain  this  information. 

The  President  believed  it  would  be  the  pleasure  of  the  meeting  to 
carry  the  vote  of  thanks  proposed  by  Mr,  Blackett.  He  was  sui-e  the 
paper  had  given  them  something  to  consider  very  seriously,  and  no  doubt 
there  was  a  great  deal  more  in  the  invention  than  they  already 
appreciated. 

The  motion  was  cordially  adopted,  and  Mr.  E.  T.  Moore  briefly 
acknowledged  the  compliment. 


The  Secretary  read  the  folloAving  paper  by  Mr.  Bennett  H.  Brough 
on  the  "Use  of  Cement  in  Shaft-sinking": — 
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USE    OF    CEMENT    IN    SHAFT-SINKING. 


By  BENNETT  H.  BROUGH. 


Of  late  years  there  has  been  noticeable  a  distinct  increase  in  the  bold- 
ness of  the  application  of  Portland  cement  to  engineering  works.  The 
advantages  of  substituting  this  material  for  cast-iron  and  timber  are 
obvious.  It  neither  corrodes  nor  decays ;  in  damp  situations  its  strength 
increases  with  age ;  and  it  is  not  appreciably  subject  to  contraction  and 
expansion. 

In  shaft-sinking  cement  is  found  a  valuable  auxihary,  and  in  the 
special  setting  of  masonry,  known  as  coffering,  it  is  largely  used  for 
laying  the  rings  of  brickwork.  Cement,  too,  has  recently  been  employed 
in  an  ingenious  manner  on  the  Continent  for  consolidating  shifting  sand 
in  water-bearing  strata.  The  method  employed  consists  in  injecting 
powdered  cement,  by  means  of  compressed  air,  steam,  or  water  under 
pressure,  into  the  ground  to  be  consolidated.  The  cement  is  screened  in 
order  to  free  it  from  lumps,  and  the  powder  is  taken  by  an  injector  which 
forces  it  through  a  flexible  pipe  into  a  perforated  tube  sunk  in  the  soil  to 
the  required  depth.  In  this  manner  the  soil  becomes  impregnated  with 
the  powdered  cement,  whilst  the  water  is  driven  away  before  it. 

A  more  recent  Continental  development  of  the  application  of  cement 
is  the  use  of  tubbing  of  cement-blocks  for  stopping  back  water  where  the 
strata  contain  large  quantities.  This  process  has  been  found  to  offer 
great  advantages  in  cases  where  the  pressure  is  excessive.  The  cement- 
blocks  used  are  so  shaped  that  they  can  be  made  perfectly  water-tight. 
Their  form,  too,  admits  of  easy  setting.  The  shape  of  the  blocks  will  be 
apparent  from  Figs.  1,  2,  and  3,  Plate  XIX.  They  are  segmental,  and 
are  provided  on  the  lower  side  with  a  semi-circular  groove,  which 
coiTesponds  with  a  semi-circular  ridge  on  the  upper  side,  the  groove  being 
slightly  deeper  than  the  corresponding  ridge,  so  that  space  is  available  for 
the  reception  of  cement-mortar.  On  each  side  of  the  block  there  is  a 
hoUowed-out  channel  for  the  reception  of  concrete,  the  weight  of  the 
block  being  in  this  way  somewhat  reduced.  In  each  block  two  holes  are 
cored  out,  one  of  which  is  central  and  vertical,  whilst  the  other  passes 
radially  from  front  to  back,  not  in  the  middle  of  the  block,  but  at  some 
distance  below  that  point,  and  intersects  the  vertical  hole.  The  height 
of  a  block  is  30  to  40  inches,  and  its  weight  1,543  to  1,763  pounds. 
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In  tubbing  a  shaft  with  cement-blocks,  the  first  layer  of  segments  will 
be  laid  on  the  curb,  and  on  this  a  second  layer,  and  so  on,  the  vertical 
joints  being  broken  in  each  course.  In  order  to  place  a  segment  in 
position,  in  the  vertical  hole  a  rod  is  placed  which  is  provided  with  a  ring 
or  handle  at  the  top  and  with  a  slot  near  the  lower  end.  (Fig.  4,  Plate 
XIX.)  This  rod  is  pushed  down  until  the  slot  is  opposite  the 
horizontal  hole,  and  then  a  bar  (Fig.  5,  Plate  XIX.)  is  pushed  through, 
until  it  passes  through  the  slot  and  holds  the  rod  fast  in  the  block.  The 
windinsr-rope  may  then  be  connected  with  the  ring  of  the  rod,  and 
the  block  lowered  into  position.  Previously,  however,  the  trough  in  the 
block  below  is  filled  -^-ith  cement-mortar.  The  ridge  of  the  block  when 
lowered  coming  in  contact  with  the  mortar  forces  it  into  every  crack,  and 
a  water-tight  connexion  is  effected  between  the  horizontal  layers  of  blocks. 
The  vertical  hole  is  then  filled  with  a  lump  of  clay  which  is  rammed  in,  and 
a  bar  is  pushed  through  the  horizontal  hole  which  has  become  choked  at 
the  point  of  intersection,  and  thus  the  whole  is  rendered  free  again.  The 
rod  is  allowed  to  stay  until  the  clay  has  hardened.  On  withdrawing  it 
a  channel  is  formed,  through  which  the  water  collecting  behind  the 
tubbing  can  flow.  Between  every  two  blocks  a  tubular  joint  is  foiined, 
which  is  filled  with  cement-mortar  or  concrete  rammed  in  as  tightly  as 
possible.  The  horizontal  holes,  which  had  hitherto  served  as  drainage- 
channels,  are  closed  by  cork,  wood,  or  clay.  And  if  at  a  certain  height  in 
the  shaft  there  is  a  supply  of  good  water  it  may  without  difficulty  be 
piped  away. 

This  method  has  been  successfully  applied  at  the  Cecilia  ventilating 
sliaft  of  the  Serlo  colliery,  belonging  to  the  Pnissian  Government,  at 
Saarbriickeu.  The  cement  segments  in  this  case  measured  15*75  inches 
in  thickness  and  23*62  inches  in  height  and  in  length.  The  shaft  is 
9  feet  10  inches  in  internal  diameter.  The  bed  having  been  formed  and 
the  wedging-curb  placed  in  position,  the  laying  of  the  cement  segments 
was  at  once  proceeded  with.  When  the  segments  were  formed  into  a 
complete  ring,  the  jDerpendicular  grooves  were  filled  in  with  a  special 
mixture  of  cement,  and  concrete  was  rammed  in  the  space  between  the 
segments  and  the  sides  of  the  shaft.  Above  each  cement  block  a  thin 
layer  of  cement  was  spread,  and  on  this  the  segments  of  the  ring  above 
were  placed  (Figs.  6  and  7,  Plate  XIX.). 

In  other  cases  a  double  ring  of  cement  segments  has  been  employed 
(Figs.  8  and  9,  Plate  XIX.).  Here  a  course  of  cement  blocks  for  the 
back  wall  is  first  laid,  and  concrete  rammed  in  behind.  This  course  is 
about  half  a  block  higher  than  the  inner  layer,  so  as  to  break  the 
horizontal  joints.     The  courses  of  the  inner  ring  are  then  laid  in  such  a 
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way  that  the  vertical  joints  do  not  coincide  with  those  of  the  back  ring. 
The  joints  are  carefully  filled  with  cement,  and  the  intermediate  space, 
of  about  4  inches,  between  the  inner  and  outer  rings  is  then  filled  with 
conci'ete  tightly  rammed  in.  In  this  manner  a  thoroughly  water-tight 
tubbing  is  obtained. 

The  tubbing  of  a  shaft  500  yards  in  depth  and  17  feet  2|  inches  in 
diameter,  at  the  celebrated  potash-salt  mines  of  Leopoldshall,  near  Stass- 
furt,  in  Prussian  Saxony,  was  constructed  in  this  manner,  in  order  to 
prevent  the  admission  of  the  enormous  volumes  of  water  met  with  in  the 
saliferous  strata.  Several  shafts,  too,  in  the  Saar  coal-field  have  been 
made  on  tliis  system.  The  process  has  been  patented  in  this  country. 
(British  patent,  1801,  No.  12,145.) 

The  cost  of  putting  in  cement  tubbing  apjaears  to  be  considerably  less 
than  that  of  the  ordinary  brick  or  iron  tubbing.  The  cost  of  cement 
tubbing  with  a  single  ring  of  segments  is  25s.  6d.  per  cubic  yard. 
This  estimate  includes  the  cost  of  material  and  labour  for  making  the 
blocks  as  well  as  the  setting  and  filling  with  concrete.  Thus,  a  ring  of 
13  feet  1^  inches  in  internal  diameter  and  13*78  inches  in  thickness, 
containing  183'65  cubic  feet  costs  £7  7s.  per  yard.  In  the  Bildstock 
shaft  at  Saarbriicken,  which  when  complete  will  be  500  yards  in  depth, 
197  feet  of  cement  tubbing  of  these  dimensions  has  been  put  in  at  a 
contract  price  of  £12  17s.  per  yard. 

In  order  to  compare  the  cost  of  cement  tubbing  with  that  of  brick 
and  iron,  the  case  may  be  cited  of  the  cost  of  tubbing  a  shaft  17  feet 
2|  inches  in  diameter,  where  large  quantities  of  water  had  to  be  dealt 
with.  At  the  prices  current  in  Germany  the  cost  of  this  would  be  as 
follows : — 

Per  Yard. 

1.  Iron     £78 

2.  Brick 54 

3.  Cement  24 

In  the  last  case  the  tubbing  consisted  of  a  double  ring  of  cement  blocks, 
13*78  inches  and  9*84  inches  thick  respectively,  with  the  7*08  inches  of 
inteiTaediate  isolating  space,  and  the  space  behind  the  tubbing  filled  in 
with  concrete.  The  estimate  includes  the  royalty  of  27s.  per  yard  paid 
to  the  German  company  owning  the  patents.  Cement  tubbing  of 
these  dimensions  was  put  in  at  the  mines  of  Leopoldshall  at  a  contract 
price  of  £21  4s.  exclusive  of  royalty. 

The  process  has  not  been  in  use  long  enough  for  any  data  to  be 
available  as  to  the  durability  of  cement  tubbing.  So  far,  however,  the 
tubbing  put  in  has  stood  wonderfully  well.     The  process  is  one  full  of 
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promise,  and  its  development  should  be  watched  with  interest.  A  great 
point  in  its  favour  is  the  simplicity  of  the  design  of  the  moulded  cement 
blocks  which  should  enable  them  to  be  made,  without  special  machinery, 
on  the  spot  where  they  are  requii-ed  to  be  used. 


Mr.  Steavenson  observed  that  the  block  system  had  been  patented, 
although  so  long  as  twenty-live  years  ago  shafts  had  been  lined  with  them. 
If  there  was  a  fissure  in  the  side  of  the  shaft  and  plenty  of  water  flowing 
out  of  it,  he  did  not  think  it  would  be  possible  to  get  liquid  cement  to 
set  in  the  shaft.  The  particular  process  by  which  this  was  done  might 
be  patented,  but  the  mere  fact  of  using  cement  in  the  shaft  was  not  new. 

The  Peesident  said  that  in  1861  Mr.  Watson  communicated  a  paper* 
on  the  subject  of  cement  walling,  in  which  a  similar  block  system  was 
explained,  and  in  which  an  estimate  of  the  cost  was  given  showing  the 
difference  as  compared  with  iron,  brick,  and  cement,  but  he  did  not  think 
they  could  go  into  this  matter  unless  they  had  more  detail  as  to  the 
respective  costs  of  material  and  labour. 

Mr.  W.  C.  Blackett  asked  for  further  particulars  of  the  cost  of  £54 
attributed  to  brick  as  compared  with  £24  for  cement  under  similar 
cu'cumstances  ? 

Mr.  M.  Walton  Bkown  said  probably  the  most  interesting  of  the 
systems  referred  to  in  Mr.  Brough's  paper  was  that  briefly  dealt  with  in 
the  second  paragraph,  the  use  of  injections  of  cement  for  consolidating 
quicksand  or  water-bearing  strata.  In  the  case  of  cement  blocks,  the 
wi-iter  did  not  refer  to  the  increased  cost  of  sinking  the  shaft  at  Leopolds- 
hall  with  a  rock  diameter  of  at  least  23  feet,  so  as  to  leave  after  insertion 
of  the  cement  blocks,  etc.,  a  finished  shaft  with  an  internal  diameter  of 
17  feet. 

Mr.  F.  Berkley  said  one  advantage  of  cement  tubbing  appeared  to 
be  overlooked,  and  that  was  it  would  not  corrode  like  iron. 

Mr.  M.  Walton  Brown  said  the  late  Mr.  J.  J.  Atkinson  had 
calculated  the  relative  thickness  of  cement  tubbing  required  as  compared 
with  cast-iron,  and  proved  that  in  no  case  could  cement  resist  a  head  of 
more  than  75  fathoms  of  water.! 

Mr.  R.  T.  Moore  said  that  the  subway  tunnels  at  Glasgow  and  of  the 
Loch  Katrine  waterworks  were  lined  with  concrete  without  any  brick- 
work, centres  being  used  in  the  usual  way  and  the  concrete  rammed  in. 
The  system,  he  thought,  would  prove  equally  efiicient  for  lining  shafts. 

*  Trans.  X.  E,  Inst.  Min.  iiitg.,  vol.  is,,  page  73.        -j-  Ibid. ,\ol.  is.,  page  175. 
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Prof.  Arnold  Lupton  wrote,  asking  what  were  the  depths  of  the  top 
and  bottom  of  the  tubbing  below  the  surface,  what  was  the  depth  below 
the  water-level,  and  how  was  the  cement  lining  joined  to  the  strata  at  the 
top  and  bottom  and  at  the  Cecilia  mine,  and  at  the  Leopoldshall  mine, 
and  what  was  the  thickness  of  the  cement  wall  at  the  former  mine? 
Referring  to  the  costs  of  iron,  brick,  and  cement  tubbing,  as  given  in 
the  paper,  perhaps  Mr.  Brough  will  explain  why  the  cement  tubbing 
was  cheaper  than  brickwork,  the  cost  of  cement  being,  saj,  £2  per  ton, 
and  of  bricks  of  first-class  quality,  say,  lOs.  per  ton  ?  "Was  the  cement 
mixed  with  sand  or  with  gravel  to  make  concrete  blocks,  and  if  the 
latter,  are  the  blocks  of  the  same  composition  all  through,  or  was  there  a 
facing  of  cement  ? 

Mr.  Bennett  H.  Beough,  in  reply  to  the  discussion,  wrote  that  he 
regarded  the  President's  reference  to  Mr.  Watson's  paper  read  in  18G1, 
a  paper  that  had  escaped  his  notice,  as  a  further  proof  that  there  was 
nothing  new  under  the  sun.  Ample  illustrations  of  the  re-invention  of 
forgotten  appliances  and  methods  were  met  with  in  mining  practice. 
For  example,  the  mine  ventilator,  called  by  the  Cornish  miners  the  duck 
machine,  and  by  the  Germans  the  Hartz  air-pump,  received  a  premium 
as  a  new  invention  from  the  Society  of  Arts,  though  there  was  very  little 
reason  to  doubt  that  it  had  been  in  use  for  upwards  of  a  hundred  years  on 
the  Continent.  Again,  an  ingenious  co-ordinate  protractor  for  plotting 
mine  surveys  was  patented  in  the  United  States  in  1886,  although  the 
identical  instrument  was  described  and  figured  two  hundered  years 
previously  in  a  German  treatise  on  mine  surveying.  Xumerous  other 
examples  might  be  cited.  In  the  case  of  the  cement  blocks,  however,  the 
German  inventors  could  lay  claim  to  originality  in  the  shape,  which 
facilitated  the  setting  of  the  blocks.  Mr.  Watson's  blocks  aj^peared  to 
have  been  of  small  size  and  shaped  like  ordinary  bricks.  The  objections 
to  the  use  of  cement  brought  forward  during  the  discussion  appeared  to 
be  serious  ones.  It  was  possible,  however,  that  means  might  be  devised 
to  enable  the  cement  to  withstand  a  greater  head  of  water  by  enclosing 
a  framework  of  iron  in  the  block,  a  method  that  was  largely  adopted 
for  fireproof  floors.  The  cost  of  cement  would  be  less  than  that  of  brick 
tubbing  on  account  of  the  large  size  of  the  blocks,  and  the  facility  with 
which  they  were  placed  in  position.  He  would  obtain  the  information 
asked  for  by  Prof.  Lupton,  and  would,  he  trusted,  be  able  to  lay  it  before 
the  meeting  at  the  adjourned  discussion. 
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Discrssiox  upox  ^m.  william  boby's  paper  on  "  the 

MELDRUM  SELF-COXTAIXED  DUST-FUEL  FURXACE;"* 
AND  MR.  BRYAX  DOXKIX,  JUX.'S  PAPER  OX  "STEAM 
BOILERS  WITH  FORCED  BLAST :  THE  PERRET  SYSTEM 
FOR  BURXIXG  DUST  AXD  REJECTED  FUELS:  WITH 
NOTES  ON  TESTING  BOILERS."t 

.Mr.  T.  CoLQUHOUN  said  the  system  described  by  Mr.  Donkiu — the 
Perret  system — had  been  adopted  at  the  West  Stanley  collieries  some  two 
years  ago  with  the  primary  object  of  using  up  waste  fuel,  and  it  had  been 
very  successful.  In  the  first  instance,  they  used  coal-mud  and  coke- 
breeze,  the  coal-mud  being  the  refuse  of  the  coal-washing  apparatus ;  it 
was  allowed  to  settle,  and  the  water  having  been  run  off  it  was  collected  and 
used  in  about  equal  proportion  with  coke-breeze.  They  found  it  to 
answer  very  well,  and  it  led  them  ultimately  to  tiy  other  kinds  of  waste 
fuel.  They  found  that  an  inferior  bottom  coal  would  burn  very  efficiently. 
The  system  acted  so  satisfactorily  with  one  boiler  that  they  ultimately 
adopted  the  system  for  four  boilers.  During  the  early  months  of  last 
year  they  burnt  the  bottom  coal  alone  of  the  Shield  Row  seam  for  raising 
steam.  They  had  used  the  duff  of  the  upper  seams,  which  was  practically 
unsaleable,  and  it  answered  very  well.  When  they  had  only  one  boiler  on 
the  Perret  system,  the  remainder  of  boilers  being  ordinary  Lancashire 
without  forced  draught,  they  had  tried  these  different  kinds  of  fuel 
with  the  ordinary  Lancashire  boiler,  but  failed  to  get  steam  for  the 
current  requirements  of  the  pit,  and  they  were  compelled  to  bum  a  fuel 
which  could  otherwise  have  been  sold  or  utilized  for  making  coke.  His 
experiments  as  regarded  evaporative  results  had  been  veiy  limited,  and 
he  would  like  to  have  them  completed  before  placing  them  before  the 
Institute. 

The  President  hoped  the  results  of  the  experiments  would  be 
communicated  to  the  Institute  at  a  later  date. 

Mr.  CoLQUHOUX  said  he  would  be  most  happy  to  submit  them  to  the 
members. 

Mr.  A.  L.  STEAVEXSOiS"  asked  Mr.  Colquhoun  if  it  would  not  have 
been  better  to  have  utilized  the  coke-oven  heat  for  raising  steam  ? 

Mr.  T.  Colquhoun  replied  that  the  waste  heat  of  thirty-two  coke- 
ovens  was  applied  to  two  boilei-s  for  raising  steam. 

Mr.  A.  L.  Steayexsox  said  he  noticed  that  Mr.  Donkin,  in  his 

*  Trans.  Fed.  Inst.,  vol.  iii.,  page  250.  f  Ibid.,  vol.  iv.,  page  L54. 
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paper,  took  as  his  unit  the  quantity  of  coal  required  to  evaporate  1,000 
gallons  of  water.  He  thought  it  would  be  better  to  stick  to  the  quantity 
of  water  evaporated  jier  lb.  of  coal,  with  which  they  were  all  familiar. 
Apart  from  mechanical  questions,  of  which  he  had  not  had  any  experience, 
he  thought  the  systems  described  appeared  very  satisfactory. 

Mr.  W.  0.  Wood  said  five  Perret  furnaces  were  working  at  Murton 
colliery.  He  had  not  tried  any  experiments  to  ascertain  the  evaporative 
power  of  the  furnace,  but  its  value  consisted  in  burning  refuse  from 
the  coal-washer  which  formerly  went  over  the  waste  heap,  with  about  as 
good  results  as  obtained  from  good  fuel  consumed  in  the  ordinary  way. 
They  got  roughly  the  same  amount  of  power  from  five  boilers  fired  with 
refuse  as  from  five  fired  under  ordinary  conditions  with  peas  and  duff. 
Possibily  in  the  Meldrum  arrangement,  in  which  a  steam  blower  was 
used,  the  expenditure  of  steam  might  not  be  greater  than  it  would  be  in 
the  case  of  a  fan  applied  to  the  Perret  furnace  It  was  a  similar  arrange- 
ment, and  the  results  would  no  doubt  be  about  the  same,  but  he  had  not 
tried  it,  and  it  was  only  a  question  of  whether  steam  was  more  economic- 
ally used  in  the  engine  (driving  the  fan)  or  in  the  blower. 

Mr.  M.  "Walton  Brown  stated  that  with  these  furnaces  it  would  be 
possible  to  burn  household  ashes  and  refuse,  whose  disposal  was  fre- 
quently a  source  of  cost  at  collieries.  Mr.  Donkin  stated  in  his  paper 
that  2 1  lbs.  of  water  could  be  evaporated  per  lb.  of  house  refuse,  and 
it  would  probably  be  found  that  this  efficiency  would  be  exceeded,  were 
ashes  from  workmen's  houses,  supplied  with  free  coal,  utilized  for  the 
purpose  of  raising  steam. 

Mr.  T.  COLQUHOUN  said  the  waste  fuel  used  was  rubbish,  which  would 
otherwise  have  been  tipped  over  the  heap  ;  such  rubbish  raised  steam, 
when  burned  with  forced  draught,  in  such  quantities  that  they  had  not 
had  to  add  to  their  boiler  power. 

The  President  said  he  had  been  told  by  a  gentleman  who  had  given 
some  attention  to  the  subject,  that  they  could  get  50  per  cent,  more  work 
out  of  a  boiler  under  ordinary  conditions  than  with  forced  draught. 

Mr.  T.  CoLQUHOUN  said  he  had  found  the  results  were  about  the  same 
with  waste  fuel  and  forced  draught,  as  with  good  fuel  without  draught. 

Mr.  R.  Laverick  referred  to  a  colliery  where  the  Meldrum  furnace 
was  in  use,  and  with  factoiy  small  coal  (peas  and  duff  mixed)  they  got 
1 7  per  cent,  more  steam  than  with  the  ordinary  furnace  using  the  same 
class  of  coal,  the  total  saving  was  estimated  at  30  per  cent.:  this  was 
effected  by  using  an  inferior  class  of  coal,  with  less  labour  in  stoking,  and 
with  less  wear-and-tear  owing  to  the  furnace  bars  being  kept  cool,  which 
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prevented  clinkers  setting  npon  them.  There  was  more  perfect  com- 
bustion, the  quantity  of  ashes  being  less  than  one-balf  what  was  produced 
in  the  ordinary  furnace  with  natural  draught. 

Mr.  C.  C.  Leach  said  they  would  get  more  effect  from  the  boiler 
but  less  from  the  coal. 

Mr.  R.  T.  MooRE  said  that  in  an  instance  in  which  they  had  adopted 
forced  draught  they  simply  took  a  12  inches  pipe  to  the  boiler  from  a 
forcing  fan  which  ventilated  the  colliery  at  about  1  inch  gauge.  They 
found  less  difficulty  in  keeping  up  steam ;  and  it  enabled  them  to  use  a 
very  mucli  thicker  fire.  With  this  inch  of  pressure  the  air  was  forced 
through  the  bars,  the  coal  in  the  centre  of  the  fire  was  wholly  consumed 
and  they  got  just  as  good  results  from  inferior  stuff  as  they  had  before 
from  better  stuff  without  forced  draught. 

Mr.  M.  Waltox  Brown  said  that  Mr.  Donkin  gave  a  table  of  experi- 
ments which  showed  that  the  evaporation  of  water  increased  from 
1,277  lbs.  per  hour  without  draught  to  2,366  lbs.  per  hour  with  forced 
draught,  but  the  efficiency  was  practically  the  same ;  without  forced 
draught  9 "9  lbs.  of  water  were  evaporated  per  lb.  of  fuel,  whilst  with 
forced  di'aught  it  was  10  lbs.,  a  difference  of  only  1  per  cent. 

Mr.  B,  Donkin,  Juu.,  wrote,  in  reply  to  the  discussion,  he  was  of 
opinion,  as  to  the  unit  of  comparison  for  steam  boiler  results,  that  the 
cost  of  fuel  per  1,000  gallons  of  water  evaporated,  was  decidedly  the  best. 
The  ^lounds  of  water  per  pound  of  fuel  should,  however,  always  be  added, 
as  it  gave  the  efficiency  of  a  given  fuel  under  a  given  boiler,  but  did  not 
take  into  account  the  cost  of  evaporating  1,000  gallons  of  water  for  any 
given  fuel,  or  the  money  paid  to  evaporate  this  quantity.  This  system 
was  now  generally  used  in  the  London  districts  to  compare  the  efficiency 
of  different  boilei's  with  different  fuels.  The  boiler  and  apparatus  that 
evaporated  1,000  gallons  of  water  at  the  lowest  cost  of  fuel  was  the  most 
economical.  Forced  draught,  now  so  largely  used  in  boilers,  could  always 
be  made  to  give  greater  evaporative  results  than  with  ordinaiy  natural 
draught,  and  at  lower  costs.  Combustion  was  more  perfect,  as  shown  by 
analysis  of  the  waste  gases.  He  might  add  that  some  fuels  could  hardly 
be  burnt  unless  with  forced  draught. 


The  following  paper  was  taken  as  read  : — "  The  Choice  of  Coarse  and 
Fine-crushing  Machinery  and  Processes  of  Ore  Treatment— Part  IL" 
By  Mr.  A.  G.  Charleton. 
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THE  CHOICE  OF  COAESE  AND  FINE-CRUSHING  MACHINERY 
AND  PROCESSES  OF  ORE  TREATMENT.* 


By  a.  g.  charleton. 

Part  II. — The  Relative  Scope  of  Rival  Methods  of  Ore 
Treatment. 

Having  examined  the  metallurgical  nature  of  the  various  ores  and 
processes  (which  have  been  superficially  touched  upon  in  the  briefest 
possible  manner),  we  are  in  a  better  position  to  proceed  to  the  still  more 
complicated  and  difficult  questions  of  the  relative  prime  cost  of  plant, 
working  costs,  and  the  percentage  of  gain  or  loss  in  rival  methods  of 
ore  treatment.  These  are  liable  to  differ  in  different  countries,  and  under 
varying  conditions  even  in  the  same  neighbourhood,  according  to  the  nature 
of  the  ore,  cost  and  quality  of  labour,  material  and  supplies,  as  well  as  the 
economical  or  uneconomical  manipulative  or  mechanical  modifications  in 
treatment,  which  can  be  introduced  in  each  case,  on  which  probably  more 
than  anything  else,  the  individual  economy  or  wastefulness  (the  profit  and 
loss  in  fact)  in  works  of  the  same  class  will  depend. 

To  form  an  estimate  of  the  prime  cost  of  plant,  we  must  either 
know  the  ordinary  gross  cost  of  a  miU  of  a  certain  size  and  description  in 
any  particular  locality,  or,  what  is  better,  the  actual  quantities  and  prices 
of  material  of  different  kinds  used,  and  the  number  of  shifts  worked  by 
different  classes  of  artizans  at  specific  wages  rates,  in  the  construction  of 
the  foundations  and  superstructure  of  the  building,  and  the  erection  of  the 
machinery  ;  as  well  as  the  price  of  the  machinery  itself,  the  weight  of  all 
the  transportable  material,  and  freight  rates. 

The  collection  of  such  facts  is  unfortunately  too  rare  in  mining 
operations  to  make  it  always  an  easy  matter  to  form  estimates  of  the 
kind  s,pplicable  to  different  locaUties.  It  is  only  by  piecing  together 
fragments  of  information  obtainable  here  and  there  that  one  can  get  any- 
where near  the  truth. 

Under  the  category  of  rival  processes,  the  relative  costs  and  results  of 
treating  the  following  classes  of  ore  may  be  compared: — 

1.  Pyritic  gold  ores  by  chlorination  4n  vats  and  chlorination  in 
barrels,  and  by  the  new  cyanide  process,  as  well  as  by  grind- 
ing (without  roasting)  in  pans  and  arrastras. 

*  Trans.  Fed.  Inst.,  vol.  iv.,  page  233. 
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2.  Silver  ores  in  general,*  by   wet   and   dry   crushing  and  pan- 

amalgamation,  the  patio  and  other  processes,  as  compared  with 
the  ordinary  and  Russel  lixiviation  processes. 

3.  Free-gold  ores  by  battery-amalgamation,  both  with  and  without 

grinding,  and  concentration. 

The  costs  and  loss  in  coarse-concentration  and  smelting  have  already 
been  considered,  and  will  not  be  referred  to  again. 

There  is  no  branch  of  ore  treatment  which  admits  of  wider  differences 
of  internal  detail  than  wet  concentration  (producing  a  corresponding 
effect  on  its  costf),  but  such  points  cannot  possibly  be  entered  into  here ; 
and  as  regards  dry  concentration,  it  cannot  at  present  seriously  be  regarded 
as  a  rival  to  wet  methods,  and  may  therefore  be  passed  over  entirely. 

The  concentration  of  sulphide  ores  of  gold  and  silver  often  depends  on 
the  relative  proportion  the  sulphides  bear  to  the  gangue.  No  sharp  line 
of  distinction  can  be  drawn  between  ores  which  are  suitable  for  concentra- 
tion or  not,  as  average  value  and  local  cost  of  treatment  enter  into  the 
calculation,  but  roughly  speaking,  such  ores  as  contain  40  per  cent,  of 
sulphides  are  not  usually  suitable  for  concentration.  Frequently  an  ore 
which  will  average  20  to  50  per  cent,  of  sulphides,  coming  from  the  mine, 
is  best  divided  by  hand  selection  into  first-class  ore  (to  be  treated  by 
smelting,  or  some  other  process),  and  a  second  and  poorer  class  for  con- 
centration. 

In  a  mine  where  the  ore  runs  in  seams  and  pockets  of  solid  mineral,  it 
may  happen  that  100  tons  of  crude  ore  will  contain  on  an  average  20  per 
cent,  of  sulphides,  which  can  be  separated  by  hand  selection  into  20  tons 
of  75  per  cent,  sulphides  and  80  tons  of  6|  per  cent,  sulphides.  "When 
this  can  be  done  cheaply  it  is  often  better  than  subjecting  the  whole  100 
tons  to  the  costs  and  losses  of  concentration,  whilst  it  renders  commercially 
possible  a  more  expensive  but  more  efficient  process  than  the  original  ore 
could  bear. 

A  point  to  be  remembered,  however,  in  concentration  is,  that  clean, 
that  is  to  say  pure  concentrates,  are  often  as  important  to  obtain  as 

*  The  term  is  applied  to  ores  which  do  not  contain  more  than,  say  10  to  15  per 
cent,  of  lead.  Ores  with  more  than  15  per  cent,  of  lead  are  known  as  silver-lead  ores, 
and  are  smelted  when  circumstances  admit  of  it,  which  is  the  only  admissible  proposi- 
tion for  their  treatment.  Carbonate  of  lead  and  galena  are  converted  by  roasting 
sometimes  into  oxy-chloride  and  sometimes  into  sulphate  ;  the  former  goes  into  the 
amalgam,  whilst  the  latter  does  not  amalgamate,  and  this  circumstance  explains 
why  some  bullion  of  plumbiferous  silver  ores  is  free  from  lead,  whilst  other  bullion 
sometimes  contains  6U0  parts  of  lead  in  1,000,  according  to  the  condition  of  the  lead 
in  the  roasted  ore. 

t  In  western  mining  camps,  the  cost  generally  runs  between  4s.  2d.  and  12s.  6d. 
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clean  tailings  (which  latter  are  essential  for  close  saving).  You  may 
have  the  one  without  the  other,  and  although  a  clean  separation  of  the 
metallic  components  of  the  ore  is  almost  always  advisable,  in  some 
instances  it  may  be  desirable  to  leave  a  certain  proportion  of  sand  or 
gangue  in  the  headings,  either  as  a  flux  for  smelting  (as  previously  pointed 
out)  or  to  lighten  the  pan-charges  in  amalgamation. 

Yat  and  Barrel-chlorination. 

For  working  a  few  tons  of  concentrates  per  day  the  regular  Plattner 
process,  with  fixed  tanks  and  long  exposure  to  gas,  is  as  convenient  and 
economical  as  any  of  the  improved  processes,  because  the  plant  is  simple 
and  cheap  to  erect,  and  very  few  hands  are  ref|uired  to  run  it.* 

The  production  of  gas  is  a  simple  question  of  relative  costs  of  different 
chemicals  delivered  at  the  mine.  For  working  large  quantities  of  ore 
daily,  especially  if  of  comparatively  low  grade,  which  recpires  economy  in 
crushing,  roasting,  gas  consumption,  labour,  and  time,  the  use  of  barrels, 
in  place  of  fixed  tanks,  effects  a  saving  in  time  and  labour,  and  makes 
special  watchful  skill  less  important  in  the  whole  process  than  in  the 
Plattner  method,  so  that  one  of  the  modifications  of  the  barrel  system 
would  be  natui'ally  adopted  on  crude  ore  and  in  dealing  with  large 
quantities  of  concentrates. 

The  attrition  of  the  ore  particles  and  the  thorough  turning  over  of 
the  charge  in  the  presence  of  nascent  chlorine  in  the  barrels,  has  also 
some  effect  upon  the  results,  especially  if  there  be  coarse-gold  iH'eseut 
which  has  to  be  amalgamated  afterwards,  as  the  gold,  it  is  said,  is 
attacked  with  much  greater  avidity  by  the  mercury  in  consequence  of 
the  clean  surface  created  by  the  action  of  the  chlorine  and  attrition 
combined.  It  is  necessary,  however,  that  the  tailings  should  first  be 
washed,  by  continuing  the  leaching,  till  all  trace  of  chlorine  has  dis- 
appeared, and  that  they  should  be  treated  by  amalgamation  at  once.  If 
left  to  dry,  the  gold  particles  assume  a  red  colour  and  amalgamate  with 
great  difficulty. 

The  most  successful  furnaces  in  general  use  for  chlori nation-roasting 
appear  to  be  of  three  types : — 

1.  Plain  or  step-hearth  reverberatories  furnaces,  of  the  Fortschaufe- 

Inng  class,  with  a  hearth  surface  of  about  12  feet  wide  by  75  feet 
long. 

2.  Horizontal  round-hearthed   mechanical  furnaces,   of  the   English 

Brunton-calciner  type,  about  12  feet  in  diameter. 

3.  A  modified  form  of  the  Spence  furnace. 

*  Cruld  Ainalgainutiun  and  Concentration,  page  28. 
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To  which  may  perhaps  be  added  an  altogether  new  modiiication  of 
the  FortschaufehTng  furnace,  which  will  be  alluded  to  later  on. 

When  battery-amalgamation  and  concentration  i^recedes  chlorination, 
Mr,  A.  Thies*  recommends  the  use  of  brass-wire  screens  in  place  of  slot- 
punched  sheet-iron  ones,  stating  that  when  using  3 6 -mesh  brass-wire  in 
place  of  40-mesh  slotted-iron,  at  Haile,  in  North  Carolina,  he  obtained  a 
far  more  uniform  pulp  for  concentration,  whilst  the  average  life  of  the  wire 
was  found  to  be  six  weeks  as  compared  with  the  sheets,  which  had  to  be 
thrown  out  in  fourteen  days,  a  matter  which  is  worth  noting.  German 
practice  certainly  supports  this  view  so  far  as  concerns  the  effect  of  wii'e 
screens  on  the  concentration  results. 

Dr.  Egleston  states  that  the  correct  amount  of  charge,  in  roasting 
gold-sulphides  in  the  reverberatory  fmmace,  is  usually  10  to  12  lbs.  per 
square  foot  of  hearth  ;  an  ordinary  charge  amounting  to  about  a  ton  at  a 
time  on  each  division  of  the  hearth,  of  which  there  are  usually  three, 

A  furnace  of  this  description,  designed  to  handle  from  3  to  4^  tons  of 
concentrates  per  24  hours,  75  feet  long  by  11  feet  wide  inside,  requires 
for  its  construction  40,000  common  bricks,  8,000  firebricks,  and  5  barrels 
of  fireclay,  and  the  ironwork,  tie-bars,  etc.,  exclusive  of  T -rails,  weighs 
11,000  lbs,  A  furnace  Avith  a  14  feet  by  6U  feet  hearth  requires  86,000  red 
bricks  and  15,000  firebricks,  and  costs  about  £626  in  Pueblo  or  Denver. 

In  vat-chlorination,  the  rest  of  the  plant  to  correspond,  covered  in  (as 
the  furnace  must  also  be),  consists  of  a  drier,  a  set  of  fixed  or  rotating 
leaching-vats,  with  (in  some  cases)  silver-leaching  tubs  added,  precipi- 
tating-tanks,  and  reagent  tanks,  well  and  pump,  lead-generator,  heating- 
pan  and  wash-bottle,  a  drying  muffle  and  melting  furnace,  and  a  press 
and  filters  for  precipitate,  as  well  as  filter-tubs  for  the  base  metalsf  in  the 
waste-solutions,  and  cars  for  handling  the  ore,  overhead  tackle  for  lifting 
the  vat-covers  and  tools,  etc. 

The  cost  of  a  plant  of  the  kind  in  California,  with  a  capacity  of  6 
tons  in  24  hours,  is  stated;}:  to  vary  between  6,000  and  7,000  dols,  (£1,250 
to  £1,458  6s.  8d,).     A  small  plant  would  cost  about  half  the  former  sum. 

The  Thies  modification  §  of  the  Mears  process  (one  of  the  most 
successful  unpatented  systems  of  barrel-treatment),  requires  the  sub- 

*  "The  Thies  Process  of  Treating  Low-grade  Auriferous  Sulphides." — Trans.  Am. 
Inst.  Mill.  Eng.,  vol.  xix.,page  601. 

f  If  present  and  worth  the  extra  treatnaent. 

J  "  The  Milling  of  Gold  Ores  in  California,"  by  John  Hays  Hammond.  Eighth 
Annual  Report  of  tlie  California  State  Mineralogist,  page  696. 

§  A  description  of  this  process  is  given  by  Dr.  Egleston  in  Tlie  Metallurgy  of 
Gold  and  Mercury,  page  66-1,  ct  seq. 
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stitution  of  rotating  barrels  for  vats,  the  chlorine  being  generated  inside 
the  barrels,  by  the  action  of  sulphuric  acid  (66  degs.  B.j  on  bleaching 
powder,  which  is  added  to  the  charge  of  water  and  ore  under  ordinary 
circumstances  in  the  proportion  of  10  to  30  lbs.  of  chloride  of  lime  to 
about  1 5  to  30  lbs.  of  acid  per  ton  of  charge  of  roasted  ore  in  each  barrel. 

If  copper  is  present  more  of  these  reagents  are  required. 

The  barrels  must  be  run  by  steam  or  water-power,  the  latter  being,  of 
course,  the  most  economical,  when  available. 

The  rest  of  the  plant,  though  differently  arranged,  is  substantially  the 
same  as  that  for  vat-chlorination,  and  will  cost  not  less  than  £620  for 
works  with  a  capacity  of  5  tons  per  day ;  the  weight  of  the  machinery 
will  be  about  17  tons. 

The  cost  of  the  vat  process  at  the  works  of  the  Plymouth  Consolidated 
Company,*  where  100  tons  of  concentrates  is  treated  per  mouth  of  thirty 
days  (leaching  taking  twenty-four  days),  is  given  as  follows  : — 

Roasting—  £    s.  d.      £     s.     d. 

3  men  at  10s.  5d.  per  day  for  30  days     ...         ...  4(i  17  6 

If  cords  of  wood  at  17s.  8 W 46     1)  8i 

54  lbs.  of  salt  at  3s.  8d 2  10  7i 


7     1 

U 

2   11 

0 

18     0 

0 

Chluriue  (employing  two  generators) — 

60  lbs.  of  manganese  per  day  at  £1)  15s.  lOd.  per  ton 
6S  lbs.  of  salt  „  3    2s.    Gd.       „ 

120  lbs  of  acid  „  12  lOs.   Od.       ,, 

Leaching — 

40  lbs.  of  sulphuric   acid  for  settling-tanks  for 

24  days      GOO 

40  lbs.  of  sulphuric  acid  for  making  sulphate  of 

iron  for  24  days  ...  ...         600 

Wages  of  leachers  (2  men  at  £1  2s.  lld.j)  for 

30  days 
Wages  of  foreman   ...         ...         


95  17  10 


27  12     0 


or  £1  19s.  2d.  per  ton.  J 


Total  cost  per  mouth 


34 
26 

7     6 

0  10 

70     3 

i 

£195  18 

2 

*  Tranii.  Am.  Inst.  Min.  Enrj.,  vol.  xv.,  page  805. 

f  Two  men  on  day  shift  attend  to  all  the  work  of  handling  the  ore  after  it  is 
leached.  The  head  man  receives  12s.  6d.,  the  others  10s.  5d.  Only  three  tankfuls 
are  leached  every  four  days;  but  the  men  are  employed  steadily.  The  sulphate  of 
iron  is  manufactured  on  the  spot. 

X  To  this  should  be  added  for  assays,  repairs,  supphes,  insurance,  taxes, 
water,  interest  on  invested  capital,  and  deterioration  of  plant,  as  well  as  proportion 
of  general  expenses  and  superintendence,  about  IGs.  8d.  additional  per  ton,  making 
the  total  cost  of  working  £2  los.  lOd.  per  ion.— Ei(jhth  Annual  Bcjnirt  cf  the 
California  State  ^liyieralogiat,  page  48. 
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At  the  Providence  Works*  two  furnaces  are  used,  which  have  a  capacity 
of  9  tons  in  24  hours.  Each  furnace  consumes  1  cord  of  wood,  and  the 
cost  per  day  can  be  reckoned  as  shown  in  detail  on  page  1 6G.  This  makes 
the  cost  of  treatment  per  ton  of  sulphides  to  be  l-is.  9^d  when  the  works 
are  run  at  fall  capacity. 

As  the  ore,  however,  only  contains  about  7  per  cent,  of  sulphides,  or 
4^  tons  in  the  G2  tons  milled  daily,  this  quantity  does  not  keep  the  two 
furnaces  running  full  time,  though  both  of  them  are  in  constant  opera- 
tion. As  most  of  the  expenses  remain  the  same,  whether  running  at  full 
capacity  or  not,  the  actual  cost  of  chlorination,  figured  on  a  working 
basis  of  44  tons  treated  daily,  approximates,  therefore,  more  nearly  to 
£.5  13s.  lOd.  per  day,  or  £1  5s,  3id.  per  ton  of  concentrates,  as  detailed 
below.  Add  to  the  above  sum  (£5  13s.  lOd.)  the  cost  of  milling  per  day, 
viz.,  £11  19s.  7d.,  and  it  will  be  found  to  represent  a  total  outlay  of 
£17  13s.  od.  per  day,  or  a  total  charge  of  os.  Sid.f  per  ton  of  crude  ore 
raised  from  the  mine. 

This  estimate  makes  no  allowance  for  general  supervision,  interest  on 
first  cost,  or  deterioration.  The  conditions  of  treatment  in  these  works 
are,  however,  very  special,  and  can  hardly  be  considered  as  a  basis  to 
estimate  upon  in  most  instances. 

The  estimated  cost  of  the  treatment  of  4i  tons  per  day  is : — 

£     s.      d. 


Labour       

2 

r.\ 

u 

2  cords  of  wood  at  £1  Os.  10(1.             

2 

1 

8 

14  lbs.  of  manganese  at  Ifd. 

0 

1 

7 

126  lbs.  of  salt  at  id 

0 

5 

3 

10-1  lbs.  of  acid  at  Id 

0 

8 

8 

Lime,  sulphur,  and  calcium  hj'posuljjhite 

0 

0 

H 

Illuminating         

0 

0 

10 

Extras        

0 

2 

1 

Total  cost  per  day 

.      £5 

13 

10 

or  £1  5s.  3|d.  per  ton. 

At  the  Alaska  Treadwell  Company's  works  the  cost  for  the  year  ending 
May  31st,  1891,  was  as  follows,  calculated  on  a  basis  of  3,568  tons  of 
concentrates  treated : — 

*  SrJiooI  (if  Minc--<  Quarterly,  vol.  v.,  and  Egleston's  Gold,  page  657. 
f  Is.  lOitl.  of  this  is  chargeable  to  the  chlorination. 
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Labour — 

Cost  per  Ton 

(American 

Money.) 

Dollars. 

Cost  per  Ton. 

(English  Money.] 

£      s.     d. 

Gros.s  Cost. 
Dollars. 

Gross  Cost. 
Jli     s.     d. 

Foremen 

■5600 

3,006-43 

Engineers  and  foremen 

•o:.34 

286-38 

Gas  generator 

•2089 

1,121-29 

Salters 

•0855 

... 

458-24 

Floormen           

•7G0i 

... 

4,080^83 

Roasters 

2-94nO 

15,782-49 

Carmen 

•2077 

1,114-72 

Carpenters         

•0039 

21^39 

Labourers  (white) 

•0999 

536^(i2 

„          (Indian) 

■0309 

16600 

Teamster            

•080C 

433^  11 

$5-0312 

£1     0  111 

$27,007-50  £5 

,626 

11     3 

Supplies — 

Acid 

1-0220 

5,486-38 

Wood       

r5230 

8,175-93 

Coal 

■0543 

284-80 

Furnace  supplies 

•0270 

... 

145-19 

Manganese  and  salt      ... 

-8095 

4,345-86 

Pipe         

•0089 

47-90 

Generator  fittings 

•0038 

25  93 

Leaching  tanks 

•ooss 

339-05 

Miscellaneous 

•1353 

... 

727-26 

Rake-heads 

•0360 

... 

193-.50 

Car  wheels 

•0037 

... 

27-50 

Repair  account 

•1352 

... 

720-08 

Electric  light  account... 

•1077 

578-49 

.. 

Haulage  account 

•0549 

294-77 

S3-9852 

£0  16     7i 

$21,392^63  £4,456 

15  IIJ 

Total   cost   per  tonj^g.Qjg^*       ^^  ^^     g^        $48,400-13  £10,083  7    2^ 
of  sulphides       ...  j  _! ' ^ 


Total  gross  cost. 


*  In  the  six  months  ending  November  31st,  1892,  this  charge  was  reduced  to 
$8-42  =  £1  I5s.  Id.  per  ton  of  sul[)hides.  As  an  instance  of  economical  management, 
the  total  costs  of  mining  and  milling  per  crude  ton  extracted  may  be  cited  as  follows, 
the  ore  being  quarried  in  open  benches  : — 

Mining     ...         ...         

Milling  and  concentrating 

Chlorination       ...         

General  expenses  (mine) 

General  expenses  (in  San  Francisco).. 

Bullion  freight,  etc 


Cents. 

s. 

d. 

.      65 

= 

2 

8i 

.     33 

= 

1 

H 

.      19 

= 

0 

94 

8 

= 

0 

4 

2 

= 

0 

1 

5 

= 

0 

2^ 

Total  cost         ...  $r32     =     5     (!  per  crude  ton 

of  ore,  but  the  average  for  some  time  previous  was  6s.  3d.  per  ton. 
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The  roasting  at  these  works  is  done  in  Spence  automatic  furnaces, 
each  with  four  hearths,  which  roast  8  tons  a  day.  On  the  hearth  next 
the  lower  one,  3  per  cent,  of  salt  is  added  with  a  special  spoon.  The  ore, 
instead  of  being  as  formerly  stiiTed  by  fixed  rakes,  is  now  rabbled  by 
oscillating  ones,  which  tip  every  three  minutes.  On  the  upper  drying- 
hearth  they  last  a  long  time,  but  on  the  lower  ones,  where  the  heat  must 
be  great  to  drive  off  the  last  traces  of  sulphur,  their  life  is  only  about 
three  months. 

Formerly  the  rakes  stopped  between  the  forward  and  backward 
motion  just  over  the  flue,  now  they  are  made  to  go  beyond  it,  and  are  no 
longer  exposed,  as  they  were  at  this  point,  to  the  sulphurous  gases  and 
hot  falling  ore,  which  clogged  the  end  of  the  shelves  and  gave  such 
trouble  at  the  Haile  mine,  finally  causing  the  abandonment  of  the  Spence 
furnace  there  for  roasting  fine  ores,  although  admittedly  a  most  excellent 
mechanical  roaster  for  coarser  grades  of  material  in  its  original  shape. 

With  the  important  modification  above  alluded  to  it  seems  doubtful 
(judged  by  the  above  facts)  how  far  Mr.  Thies'  condemnation  of  the  Spence 
furnace*  (in  works  with  a  capacity  of  3  to  •*  tons)  for  fine  ores  (where  a 
dead  sweet  roast  is  required)  is  entirely  justified. 

The  labour  involved  in  vat-chlorination  on  an  average  may  be  taken 

at : — 

1  man,  who  works  10  hours,  to  bring  in  wood  and  ore. 

1  man  at  the  furnace,  who  works  8  hours. 

1  chlorinator,  „  S     ,, 

3  labourers  (1  on  shift  by  day,  and  2  by  night). 

At  Sutter  Creek  it  takes  8  meu  for  the  whole  24  hours,  one  chlorin- 
ator, one  helper,  five  men  at  the  furnace,  and  one  who  wheels  ore. 
The  consumption  of  chemicals  per  ton  of  ore  is  about  as  follows  : — 

Salt  in  the  furnace iO  lbs. 

„        „    generator  6    „ 

Manganese        ,,  6    ,, 

Sulphuric  acid  generator  (66  degs.  B.)   ...  20    „ 

The  stock  of  chemicals  ordinarily  kept  on  hand,  on  the  scale  of 
oi^erations  of  the  Alaska  Treadwell  Company,  seems  to  be  : — 

£  s.  d.  £  s.     d. 

Salt,  about  53  tons,  valued  at  2  1 7  11  ...  153  9     7 

Manganese,  13     ,,                       9  15  10  ...  127  5  )0 

Sulphuric  acid,  35  tanks,  at  8  IS  lOA  ...  313  0     7A 


Total  value        ...    ■     ...       £593  16     0^ 
*  Trans.  J.;h.  Inst.  2Iin.  Eikj..  vol.  sis.,  page  610. 
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The  works  in  Grass  Yalley,  where  vat-chlorinatiou  is  most  extensively 
used,  guarantee  an  extraction  of  90  per  cent. of  the  gold,  and  60  percent, 
of  the  silver,  but  the  saving  more  often  amounts  to  between  90  and  94  per 
cent,  of  the  gold  in  pyritic-concentrates,  and  over  60  per  cent,  of  the 
silver,  if  the  tailings  are  leached  to  obtain  it. 

The  ore  to  be  properly  roasted  ready  for  leaching  should  maintain  a 
nearly  vertical  face  when  made  into  heaps  on  the  finishing  hearth,  and 
cut  down  with  a  spadelle.  It  should  show  no  bright  specks,  but  be  inclined 
to  become  black,  which  will  generally  be  in  7  or  8  hours.  The  largest 
amount  of  gold  has  been  shown  to  be  in  the  best  condition  to  be  leached 
and  to  consume  the  least  amount  of  chlorine  in  chlorinating  it,  when 
the  ore  falling  in  the  furnace,  in  turning  it  over,  has  a  slight  violet 
coloiu*.  When  the  ore  sparkles,  and  the  sparks  are  numerous  and  bright, 
it  shows  that  the  roasting  is  not  properly  finished,  and  more  salt  has  to  be 
used.* 

A  ton  of  roasted  ore  will  occupy  usually  24^  cubic  feet.  This 
quantity  is  derived  from  2,800  lbs.  of  raw  sulphides,  which  occupy  about 
13f  cubic  feet  per  ton  (2,000  lbs.).  A  ton  of  sulphides  will  weigh  from 
1,450  to  1,700  lbs.  after  roasting,  and  occupy  about  17i  cubic  feet.  The 
roasted  ore  ought  not  to  contain  more  than  1§  per  cent,  of  sulphur.! 

At  the  Plymouth  Consolidated  works,  the  Fortschaufelungs-ofen  used 
for  roasting  is  1 2  feet  wide  by  80  feet  long,  including  the  fire-box,  the 
hearth  being  a  continuous  plane,  but  the  charges,  of  which  there  are  three 
in  the  furnace  at  one  time,  are  kept  entirely  separate.  They  are  called 
by  the  furnacemen  the  drying,  burning,  and  cooking-compartments.  In 
the  middle  division  the  ore  is  spread  out  very  thin,  and  occupies  about 
double  the  space  of  either  of  the  others. 

The  furnace  is  worked  by  8  hours'  shifts,  a  charge  being  drawn  and 
added  in  each  shift.  The  charges  weigh  2,400  lbs.  and  carry  about 
10  per  cent,  moisture. 

The  ore  averages  about  20  per  cent,  of  sulphur,  and  just  before  the 
sulphur  ceases  flaming  in  the  second  division  of  the  furnace  18  lbs.  or  f 
per  cent,  of  salt  is  added  to  the  charge.  Care  must  be  taken  to  keep  the 
concentrates  damp  until  they  are  introduced  into  the  furnace,  or  a  decom- 
position of  the  pyrites  begins,  forming  lumps  which  do  not  roast,  and 

*  The  heat  on  the  finishing  hearth  must  be  maintained  at  a  lively  bright  red,  but 
not  at  a  white  heat,  else  the  gold  particles  would  melt,  which,  with  a  good  magnify- 
ing glass,  can  be  easily  detected ;  after  washing  off  the  iron  the  gold  appears  then 
in  minute  globules,  the  chlorination  of  which  is  more  difficult, 

t  Egleston,  Gold,  page  622. 
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consequently  cause  a  loss  of  gold  iu  the  residues  from  leaching.  The 
roasted  ore  from  each  shift  is  kept  by  itself  on  the  cooling-floor  until  a 
tankful  (about  4  tons)  has  accumulated  from  a  single  man's  shift,  and  it 
is  then  worked  by  itself.  This  enables  the  foreman  to  better  control  the 
work  of  roasting,  for  if  one  lot  out  of  three  works  badly,  it  points  to  the 
fault  being  with  the  f urnaceman ;  whereas,  if  all  three  give  unsatisfactory 
results,  it  may  be  presumed  to  be  owing  to  a  change  in  the  ore,  and  the 
roasting  must  be  modified. 

The  vats*  for  chloridizing  the  roasted  ore  are  9  feet  in  diameter  by 
3  feet  in  height ;  they  are  four  in  number,  and  are  slightly  inclined 
forwards  to  drain  them  completely.  The  bottom  of  each  tank  is  com- 
posed of  a  filter  about  6  inches  thick,  consisting  of  light  strips  of  f  inch 
wood  laid  on  the  bottom  at  intervals  of  about  a  foot.  Across  these  are 
placed  6  inch  boards,  spaced  an  inch  apart.  On  this  loose  floor  coarse 
lumps  of  quartz  are  spread,  and  on  the  top  of  this  again  quartz-sand, 
until  a  depth  of  6  inches  is  obtained.  Finally,  this  sand  filter  is  covered 
over  with  another  loose  floor,  the  boards  lying  cross-wise  to  the  loose  floor 
beneath  and  pretty  close  together.  This  upper  floor  is  merely  to  facilitate 
shovelling  the  charge  out  when  it  has  been  gassed  to  permit  the  removal 
of  the  leached  ore  without  disturbing  the  filter. 

The  ore  to  be  chloridized  must  be  damp  (about  C  per  cent,  moisture). 
The  working  test  is  to  take  a  handful  of  ore  and  squeeze  it,  then 
open  the  hand,  and  if  the  lump  immediately  begins  to  crumble  and  fall 
apart  (not  run)  the  ore  has  the  requisite  amount  of  moisture.  The  damp 
oi'e  is  screened  into  the  tank  so  as  to  lie  as  loose  as  possible  and  thus 
facilitate  the  penetration  of  the  chlorine.  A  coarse  screen  of  one-and-a- 
half  mesh  is  used  for  this  purpose. 

The  tanks  are  only  filled  up  to  within  about  3  inches  of  the  top, 
(to  ensure  the  entire  contents  being  covered  with  water  in  the  subsequent 
leaching,)  otherwise  there  would  be  great  difficulty  in  washing  out  the 
soluble  gold.  As  soon  as  they  are  full  they  are  gassed.  The  gas  is 
introduced  into  the  bottom  from  two  opposite  sides,  and  is  continued 
until  ammonia  held  over  the  ore  gives  off  dense  fumes  of  ammonium 
chloride,  which  usually  happens  in  about  4  hours.  When  this  point  is 
reached,  covers  are  placed  on  the  tanks  and  luted  on.t 

*  The  vats  should  be  coated  on  the  inside  with  asphaltum  varnish  or  a  mixture 
of  pitch  and  tar  applied  hot,  but  the  former  is  preferable,  as  it  penetrates  better 
into  the  pores  of  the  wood. 

t  It  is  usual  to  provide  the  covers  of  the  tanks  with  two  pieces  of  1:^  inches  gas- 
pipe  (5  inches  long,  and  a  square  hole,  6  inches  by  6  inches,  closed  with  a  wooden 
cover.     These  pipes  are  closed  with  balls  of  clay  during  the  impregnation  of  the  ore 
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The  two  gas-generators*  which  are  employed  to  charge  a  tank  are 
allowed  to  work  on  till  nearly  exhausted,  when  they  are  disconnected, 
and  the  holes  in  the  tank  are  plugged  up.  The  tanks  are  usually  charged 
in  the  morning,  and  left  standing  two  days.  On  the  third  day  the  ore 
is  leached.  The  tank  is  first  filled  with  water,  and  allowed  to  stand  a 
few  minutes  to  permit  the  water  to  penetrate  the  ore.  If  no  more  water 
is  absorbed,  the  liquor  is  drawn  off  at  the  bottom,  care  being  taken  to. 
keep  the  tank  full  of  water  during  this  part  of  the  operation,  which  lasts 
4  to  5  hours. 

For  charging  the  tank  a  gunny  sack  is  laid  on  the  ore  and  held 
down  with  a  couple  of  bricks  where  the  wash-water  is  afterwards  to  be 
introduced,  in  order  to  better  distribute  the  water  in  the  tank,  and 
prevent  it  washing  out  holes  and  packing  the  ore. 

The  liquor  from  the  leaching- vats  is  conducted  to  settling  or  storage- 
tanks,  where  about  40  lbs.  of  sulphuric  acid  is  added  (6G  degrees  B.)  and 
it  is  allowed  to  stand  2  to  24  hours.  It  is  then  run  into  the  precipitating- 
vats,  where  the  gold  is  precipitated  with  sulphate  of  iron;  the  iron  solution 
being  added  until  after  stirring,  a  further  addition  produces  no  purple 
colour.  After  the  gold  is  precipitated  it  is  allowed  to  stand  from  two  to 
three  days  to  settle,  when  the  supernatant  liquor  is  drawn  off  with  syphons 
into  a  second  settling-tank,  where  any  gold  drawn  off  by  the  syphons 
has  a  second  opportunity  of  settling. 

The  liquor  stands  in  this  tank  till  it  is  necessary  to  run  it  off  to  make 
room  for  a  fresh  charge.  Very  little  gold  is  found  in  this  tank,  so  it  is 
only  cleaned  out  about  once  a  year. 

In  the  meantime  fresh  liquor  has  been  run  into  the  precipitating- 
tanks  on  the  gold  already  precipitated  there.  In  this  way  the  gold  is 
accumulated  till  the  semi-monthly  clean-up,  the  precipitating-tanks 
being  kept  locked  and  covered.  In  making  a  clean-up,  the  supernatant 
liquor  is  syphoned  off,  the  gold  gathered  up,  and  placed  in  a  filter  of 
punched  iron,  lined  with  filter-paper,  and  washed  with  water  till  all  the 
acid  and  iron  salts  are  removed.  It  is  then  dried,  melted  in  crucibles, 
and  cast  into  bars. 

Under  unfavourable  conditions  the  cost  of  the  chlorination  })rocess 
may  run  up  as  high  as  £4  3s.  4d.  per  ton,  but  in  California  it  may 

with  gas.  After  gassing,  the  clay  is  removed,  and  one  of  the  pipes  is  coupled  to  the 
hose  of  the  water-tank,  whilst  the  other  is  connected  either  with  another  tank  ready 
for  chloridizing,  or  the  ashpit  of  the  roasting  furnace,  partly  to  utilize  the  surplus 
chlorine,  as  well  as  to  protect  the  workmen  from  its  injurious  effects. 

*  When  practicable,  it  is  a  good  plan  to  heat  the  generators  by  steam  in  place  of 
direct  heat. 
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generally  be  taken  as  costing  £1  17s.  6d.  to  £3  Is.  6d.  per  ton,  £2  14s. 
2d.  being  in  all  probability  a  fair  average  on  a  basis  of  treiiting  3  tons  or 
more  daily. 

Mr.  G.  F.  Deetken  is  responsible  for  the  statement*  that  with 
favourable  conditions  of  cheap  wood  and  freight  rates,  not  counting 
interest,  insurance  and  amortization  of  a  capital  of  3,000  dollars,  the 
working  expenses  in  some  parts  of  California  do  not  exceed  £1  Os.  lOd., 
and  are  sometimes  as  low  as  16s.  8d.  per  ton. 

In  locating  works  of  this  kind  it  is  important  to  secure  a  good  fall, 
and  they  should  be  terraced  and  so  placed  with  reference  to  the  prevailing 
winds  that  noxious  fumes  will  not  be  carried  in  the  du-ectiou  of  valuable 
land  or  house  property. 

There  should  also  be  a  supply  of  water  at  hand,  delivering  -JO  to  60 
gallons  per  hour. 

Barrel-chlorination. 

Mr.  Thies,  in  a  letter  to  Mr.  C.  N,  Aaron  (a  well-known  Calif ornian 
authority),  gives  the  cost  of  the  Thies  process  at  the  Haile  mine,  North 
California,  as  foUows  : — 

Using  a  double  reverberatory  furnace,  which  furnishes  2  tons  of 
roasted  ore  every  24  hours,  with  an  average  consumption  of  1  cord 
of  wood,  at  OS.  2|d.  per  cord,  and  employing  four  labourers,  the  cost 
of  roasting  the  ore  amounts  to  lOs.  ll^^d.  per  ton.  Two  men  can 
easily  treat  i  tons  in  10  hours,  elevate  the  ore,  and  clean  out  the  filter- 
tanks,  of  which  there  are  four  to  each  barrel.  Arranged  on  this  basis, 
the  cost  of  roasting  and  chlorinating  amounts  to  l'»s.  S^-d,  per  ton,  as 
tabulated  below  : — 

Eoasting  2  tons  of  ore — 

4  labourers  at  4s.  2d.    ... 

1  cord  of  wood  at  5s.  2id. 

m 

Chlorinating  i  tons  of  ore — 

2  labourers  at  3s.   9d 

1  chlorinator  at  8s.  4d.... 

iO  lbs.  of  bleaching  powder, at  Hel.  ... 

60  lbs.  sulphuric  acid  at  Id.    ...         

Sulphuric  acid,  for  making  ferrous  sulphate 
Repairs,  wear  and  tear... 
Power      ...         ...         

8     4 

Total  cost  per  ton         ...         ...         ...  19     3;^ 

Unr/.  ami  Min.  Juur.,  New  York,  vol.  Iv.,  page  244. 


Cost  per 
Ton. 
s.     d. 

s. 

8 

4 

2 

H 

10 

1 

m 

2 

I 

1 

3 

.  1 

3 

0 

6i 

.  U 

10 

0 

H 
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We  thus  have  the  sum  of  19s.  S^d.  for  roasting  and  chlorinating  1  ton 
of  roasted  ore,  representing  1^  tons  of  raw  iron  pyrites. 

Inside  of  7  hours  from  the  time  the  ore  is  in  the  chlorinator,  the 
solutions  are  ready  for  precipitation  and  the  tailings  are  clean. 

At  the  Phcenis  mine,  in  North  CaroUna,  the  cost  for  roasting*  and 
chlorinating  by  the  Thies  process  is  estimated  at : — t 

£     s.     d. 

Roasting      0     9     1 

Chlorinating:  ...         ...     0  11     1 


£10     2 

2,353  tons  of  concentrates  are  said  to  have  been  successfully  treated  by 
this  process  at  the  Haile  mine  and  5,000  tons  at  the  Phoenix  mine 
between  May,  1888,  and  September,  1890. 

At  the  Phoenix  mine,  a  12  feet  revolving  pan-furnace  is  used,  which 
roasts  1  ton  of  raw  ore  in  12  hours,  with  a  consumption  of  |ths  of  a  cord 
of  wood,  and  3s.  9d.  worth  of  labour.  The  cost  of  power  does  not  exceed 
Is.  0|d.  per  ton. 

At  the  Bunker  Hill  works,  the  concentrates  are  roasted  with  1  per 
cent,  of  salt,  in  a  reverberatory  furnace  40  feet  by  12  feet  on  the  outside, 
with  walls  18  inches  thick,  the  stationary  hearth  of  which  (7  feet  by  18 
feet  by  2  feet  in  height,  with  a  working  door  on  each  side)  terminates  in 
a  horizontal  revolving  hearth,  12  feet  in  diameter,  set  at  a  lower  level 
(giving  a  fall  of  6  or  7  feet).  The  discharge  hole  or  cub  is  in  the  centre 
of  this  latter  hearth,  from  which  the  ore  drops  into  cars. 

At  the  Deloro  mine,J  Canada,  where  the  Mears  process  was  formerly 
in  operation,  the  ore  was  roasted  (after  drying  in  a  revolving  drier)  in  a 
pair  of  cylinders,  §  one  30  feet  in  length  by  5  feet  in  diameter,  the  other 
20  feet  by  4  feet,  set  tandem,  jacketed  with  mineral  wool  and  then  paper. 
It  is  claimed  that  10  tons  of  concentrates  have  been  roasted  in  these 
cylinders  in  24  hours,  so  that  the  extraction  of  gold  has  reached  93  to  98 
per  cent. 

The  tanks  used  in  the  process  should  be  built  of  wood  which  has  been 
soaked  in  linseed  oil,  dried,  and  painted  with  thi-ee  good  coats  of  white 
lead  or  tar. 

*  Removing  the  sulphur  to  within  0"25  per  cent. 

f  Phillips,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xvii.,  page  .821. 

%  R.  P.  Rothwell,  Trans.  Am.  Inst.  Min.  Mng.,  vol.  xi.,  page  191. 

§  Different  furnaces  require,  on  the  average,  it  is  said,  the  following  weights 
of  wood  to  roast  a  ton  of  ore  (the  weights  being  calculated  on  the  basis  of  2,200  lbs. 
per  cord  as  the  average)  : — White  furnace,  300  lbs. ;  Bruckner,  900  lbs. ;  reverber- 
atory, 600  lbs. ;  Stetefeldt,  200  lbs. — (Report,  Tenth  Census,  United  States.) 
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Mr.  Tliies  states  that  the  cost  of  barrel-treatment  depends  chiefly  on 
the  number  of  tons  chlorinated  per  day. 

The  wear  on  the  inner  lead-linings  of  the  chlorinators  is  imperceptible; 
a  chlorinator  in  use  at  the  Phoenix  mine  for  over  five  years  does  not  show 
any  wear.  The  lining  is  fastened  on  with  bolts  from  the  outside,  as  it 
has  been  found  very  difficult  to  burn  on  lead,  when  chlorine  has  acted  on 
it,  in  making  repairs. 

At  the  Haile  mine,  the  fire-assay  and  value  of  the  ore  delivered  to  the 
stamps  is  I'oO  dollars  (18s.  9d.)  per  ton. 

The  mint  returns  of  bullion  gave  16s.  3d.  per  ton  of  ore  treated,  of 
which  6s.  Ogd.  is  to  be  credited  to  the  battery,  i.e.,  to  free-gold ;  whilst 
10s.  2|d.  was  obtained  from  the  sulphides. 

Taking  the  assay- value  of  the  ore  at  18s  9d.,  and  the  actual  yield  in 
bullion  at  16s.  3d.,  there  is  an  indicated  loss  of  2s.  6d.  per  ton,  or  13^ 
per  cent.  Taking  the  yield  in  free-gold  at  6s.  O^d.  per  ton  from  an 
ore  worth  18s.  9d.  per  ton  (or  approximately  32  per  cent,  of  the  gross 
value  by  assay),  we  have  68  per  cent,  to  be  debited  to  the  concentrates. 
But  the  total  yield  in  free-gold,  and  in  gold  fi'om  the  sulphides  being 
16s.  3d.,  the  ratio  of  the  free-gold  saved,  to  the  total  amount  saved,  is 
approximately  38  per  cent.,  and  the  combmed  gold  Q'2  jjer  cent.,  or  a 
saving  of  about  one-third  free  and  two-thirds  combined  gold. 

The  term,  combined  gold,  has  been  used  to  express  the  condition  of  the 
gold  which  is  not  free.  Whether  the  gold  that  is  not  free  is  chemically 
or  mechanically  diffused  in  the  sulphides  or  both  is  uncertain,  in  most 
cases. 

Mr.  T.  W.  T.  Atherton*  claims  to  have  found  gold  as  a  natural 
sulphide  in  the  pyrites  of  the  Deep  Creek  mines  of  Xew  South  Wales. 
He  gives  an  analysis  of  the  ore  and  the  method  pursued  in  experimenting 
on  it,  from  which  his  conclusions  were  drawn. 

From  80  tons  of  ore  stamped  per  day  of  24  hom'S  at  Haile,  7^  tons 
of  concentrates  are  obtained  from  16  Embrey  end-shake  tables,  which 
gives  as  the  yield  of  each  concentrator  a  little  less  than  half  a  ton. 

The  average  assay-value  of  the  raw  concentrates  for  the  12  months 
preceding  the  date  of  Mr.  Thies'  paper  was  £6  5s.  per  ton,  and  the  per- 
centage of  sulphur  they  contained  varied  between  40  and  45  per  cent. 
In  roasting,  this  was  brought  down  to  0*25  to  0*40  per  cent,,  whilst  the 
value  of  the  material  naturally  increased ;  the  raw  concentrates  worth  £6 
5s.  becoming  worth  when  roasted  £8  6s.  8d.,  or  about  one-third  more  per 
ton. 

*  Eng.  and  M'ln.  Jour.,  New  York,  vol.  lii.,  page  G98. 
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The  assay-value  of  the  tailings  thrown  away,  after  chlorinating  the 
roasted  ore,  was,  on  the  average,  only  8s.  4-d.  per  ton,  representing  an 
extraction  of  95  per  cent. 

The  process  had  been  in  successful  operation  2h  years,  at  Haile,  when 
Mr.  Tines'  paper  was  written  in  18'Jf>,  and  36,000  tons  of  crude  ore  had 
been  treated  profitably  during  that  time,  prior  to  which  nearly  every 
process  had  been  tried  on  the  ore  and  faUed. 

The  advantages  of  the  process  are : — The  small  amount  of  space  the 
plant  occupies,  speed  of  operation,  high  percentage  of  yield,  facility  of 
ascertaining  the  condition  of  the  charge  at  any  time,*  and  very  slight 
wear  and  tear.  The  only  offsets  against  these  advantages  are  the  care 
and  intelligence  required  to  control  it,  and  the  need  for  a  small  amount 
of  power. 

250  to  300  gallons  of  wash-water  are  needed  per  ton  of  ore  treated  (an 
ordinary  charge),  the  water  being  introduced  into  the  barrel  first. 

It  takes  2  to  4  hours  to  chlorinate  each  charge,  the  barrel  revolving 
at  12  revolutions  per  minute. 

The  lead-lining  is  ^  inch  thick,  and  weighs  12  lbs.  per  square  foot. 

The  filters  must  be  flooded  from  below  with  4  or  5  inches  of  water 
to  prevent  the  ore  packing  as  it  falls  into  them. 

The  charge  must  be  allowed  to  drain,  and  then  washed  with  water  as 
rapidly  as  possible  till  the  wash-water  shows  no  gold,  though  still  carrying 
traces  of  chlorine. 

If  lime  is  present,  settling-tanks,  called  stock  tanks,  are  required  to 
settle  the  liquors  which  are  drawn  out  of  them  into  the  precipitating 
tanks  after  standing  for  14  to  16  hours. 

The  precipitatiug-tanks  are  large  enough  to  hold  the  liquors  from  3 
tons  of  washed  ore.  The  feiTous  sulphate  is  syphoned  into  them.  The 
solution  must  have  a  decidedly  acid  re-action  in  order  to  be  certain  that 
all  the  lime  has  been  converted  into  sulphate. 

The  Providence  works  and  those  of  Bunker's  Hill  may  be  cited,  the 
former  as  showing  exceptionally  low  cost  by  the  vat  process,  working  9 
tons  per  diem  ;  the  latter  unusually  high  cost  by  barrel -treatment,  treat- 
ing 2  tons  in  24  hours.  To  compensate  for  this  the  loss  in  the  tailings, 
which  used  to  run  as  high  as  £1  9s.  2d.  when  worked  by  the  ordinary 
vat  process,  has  been  reduced  50  per  cent. 

*  For  this  purpose  a  lead  valve  is  arranged  in  the  barrel,  so  that  not  only  the 
pressure  of  an  excess  of  chlorine  gas  but  its  actual  presence  can  be  ascertained  at 
any  time.  It  does  not  do  to  trust  to  the  pressure  test  alone,  other  gases  being 
some  times  u:iven  off. 
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£     s. 

d. 
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0     4 
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£6  18     2i 


Tlie  cost  at  the  Providence  works  : — 

1  foreman 

1  white  labourer         

5  Chinamen  at  6s.  3d. 

2  cords  of  wood  at  £1  Os.  lOd  

29  lbs.  of  dioxide  of  manganese  at  IJd. 

260  lbs.  of  salt  at  id.  

216  lbs.  of  sulphuric  acid  at  Id. 

Lime,  sulphur,  and  calcium  hyposulphite 

Illuminating    ...         ...         ...         ...         

Extras 

Per  ton       ...  ...     Us.  O^d. 

The  cost  at  the  Bunker  Hill  works  :— 

Roasting — 

2  roastei's  at  13s.  6|d 

fths  cord  of  wood  at  £1  5s 

Chlorinating — 

1  chlorinator  at  123.  6d 

30  lbs.  bleaching  paper  at  2d 

36  lbs.  of  salt  at  fd 

20  lbs.  sulphuric  aciil,  G6  B.  at  Ifd 

Water-power 

General  expenses  and  loss 


Total  cost  of  1  ton  of  ore  roasted  and  chlorinated  ...  £3     0  10^ 
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3 

2 

1 

12 

6 
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Under  efficient  management  and  favourable  conditions  the  cost  of 
barrel  chlorination  will  usually  be  found  to  vary  between  12s.  6d.  and 
£1  Os.  lOd.  per  ton  in  America. 

The  results  of  treatment  by  another  vat-process,  the  Pollock  patent, 
are  given  in  the  London  Mining  Journal,^  treating  various  ores  as 
follows  : — 


Sheba  mine  tailings 

Mixed  lot  of  ore,  Transvaal 
Day  Dawn  P.C.  quartz,  Q.  6 

„  concentrates,  Q.  1     ... 

Swaziland  quartz.  South  Africa 
City  and  Suburban  quartz,  Transvaal 
Crown  ore,  New  Zealand... 
Transvaal  Gold  Extracting  Co.  ... 

„  ,,  tailings 

Mount  Shamrock  tailings 


Ozs.  Dwts 

Grs. 

Percentage 
Extracted. 

...      2 

7 

21 

96 

...      1 

3 

22 

97 

...     G 

9 

23 

97 

...     1 

2 

6 

97 

...     0 

16 

5 

95 

...   12 

10 

10 

95 

...     3 

16 

0 

94 

...     1 

10 

11 

93 

...     0 

7 

8 

85 

..     0 

8 

17 

96 

The  Qucensliiml  Mining  Journal,  Nov.  5th,  1888. 
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It  is  stated  that  the  cost  of  the  plant  for  treating  100  tons  a  day  is 
about  £10,000. 

It  is  certain  that  ores  like  those  of  Meadow  Lake  district,  California, 
composed  of  a  species  of  siliceous  hasmatite  (which  in  depth  will  probably 
be  found  in  an  unoxidized  condition,  consisting  mainly  of  pyrite)  will 
not  amalgamate  properly,  and  attempts  have  been  made  with  various 
devices  and  countless  processes  to  work  them,  but  so  far  without  success. 

They  are  said  to  average  £1  9s.  2d.  to  £2  Is.  8d.  per  ton  or  over,  and 
to  bear  a  resemblance  to  the  ores  of  Bald  Mountain  district.  South  Dakota. 
It  is  possible  that  if  a  sufficient  quantity  of  concentrates  could  be  secured 
to  keep  works  of  the  kind  running  many  of  these  ores  could  be  advan- 
tageously handled  by  the  barrel-chlorination  process,  without  a  previous 
roasting,  if  treated  with  an  oxidizing  agent  such  as  nitre  cake,  and  in 
working  the  surface-ores  even  concentration  might  at  first  be  dispensed 
with. 

An  interesting  modification  of  the  barrel  process  (described  by  John 
E.  Rothwell,  Eleventh  Census,  United  States,  1890)  is  to  make  the 
chloriuation-barrel  also  the  washing  and  leaching- vessel.  This  is  effected 
by  fixing  a  diaphragm  as  a  filtering  medium,  so  as  to  form  the  chord  of 
an  arc  of  the  interior  of  the  barrel.  The  diaphragm  or  filter  is  made  up 
of  i^lates  corrugated  similarly  to  the  ordinary  filter-press  plate,  and  per- 
forated with  holes  every  4  or  6  inches  square.  These  plates  are  supported 
on  bearings  bolted  to  the  shell.  On  the  top  of  the  corrugated  plates  is 
placed  the  filtering  medium — an  open-woven  asbestos  cloth.  It  is  about 
as  coarse  as  the  common  gunny-sack,  but  the  warp  and  woof  are  of  much 
heavier  thread. 

Over  this  is  placed  an  open  grating,  and  the  whole  is  held  in  place  by 
cross-pieces,  the  ends  of  which  rest  under  straps  bolted  to  the  inside  shell. 
In  this  way,  though  the  whole  is  rigidly  held  in  place,  it  is  very  easily 
and  quickly  removed  when  necessary  to  change  the  asbestos  cloth.  Two 
valves  on  each  end  of  the  barrel  above  and  below  the  filter,  are  provided 
for  the  inlet  and  outlet  of  the  wash-water  and  solution  respectively. 

The  barrel  is  charged  by  first  filling  the  space  under  the  filter  with 
water,  which  at  the  same  time  is  allowed  to  pass  through  the  filtering 
medium  and  wash  it,  then  the  required  quantity  of  water  is  put  in 
above  the  filter.  There  are  two  methods  of  charging  the  pulp,  lime- 
chloride,  and  sulphuric  acid.  In  one  the  lime  is  so  placed  in  the  ore- 
charge  in  the  hopper  over  the  barrel  that  it  goes  in  with  the  ore  and  is 
completely  buried  with  it.  The  acid  can  then  be  added  with  very  little 
danger  of  generating  any  gas   before  the  plate  on  the  charging-hole  can 
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be  put  on  and  securely  fastened.  The  other  way,  which  seems  still  better, 
is  to  pour  the  acid  first  into  the  water,  through  which  it  sinks  to  the 
bottom  in  a  mass,  and  does  not  mix.  The  ore  is  then  let  in,  and  the 
lime  added  last.  The  chances  of  generating  any  gas  are  stated  in  this  way 
to  be  much  less.  A  barrel  so  charged  has  been  known  to  remain  open  .5 
to  10  minutes  after  charging  without  generating  gas,  but  it  has  been 
demonstrated  that  on  the  first  revolution  of  the  barrel  the  gas  is  at  once 
liberated  and  creates  considerable  pressure.  After  the  chlorination  is 
complete  the  barrel  is  stopped,  so  that  the  filter  assumes  an  horizontal 
position.  The  hose  is  attached  to  one  of  the  outlet  pipes,  and  conducts 
the  solution  to  the  reservoir  tank.  A  hose  is  also  attached  to  the  inlet 
pipe,  water  is  pumped  in  under  pressure,  and  the  leaching  commences. 

The  air  in  the  top  part  of  the  barrel  is  compressed,  and  forms  an 
elastic  cushion,  which  gives  the  wash-water  perfect  freedom  to  cir- 
culate over  the  whole  surface  of  the  charge,  and  wash  exevy  portion 
thoroughly  with  the  smallest  quantity  of  water  possible.  By  washing  in 
this  way  no  gas  is  allowed  to  escape  into  the  building.  The  solution  runs 
into  a  covered  reservoir-tank  from  which  an  exhaust  fan  draws  the  excess 
of  gas,  and  discharges  it  outside  the  building.  The  length  of  time  needed 
to  do  the  leaching,  varies  with  the  leaching-quality  of  the  ore.  Charges 
have  been  leached  in  40  minutes  with  a  pressure  of  30  to  40  lbs.  per 
square  inch.  "With  higher  pressures  the  time  can  be  materially  shortened. 
As  can  be  readily  seen,  the  ore  in  the  barrel  is  in  the  best  possible  shape 
for  rapid  and  perfect  leaching.  When  the  barrel  is  stopped,  the  ore  settles 
on  the  filter,  the  coarsest  and  heaviest  on  the  bottom,  graduated  evenly 
over  the  whole  surface  up  through  the  charge  to  the  slimes  on  top.  In 
order  to  facilitate  the  leaching  of  charges  canying  an  excess  of  dust,  a 
valve  placed  in  the  casing  of  the  head  (on  a  level  with  the  surface  of  the 
pulp)  is  opened  just  after  the  barrel  is  stopped,  and  the  slime  remaining  in 
suspension  is  run  off  into  an  outside  washing  filter-press,  where  it  can  be 
treated  separately,  and  the  charge  washed  in  the  usual  way.  The  tailings 
are  discharged  into  a  car  which  will  hold  the  whole  charge  of  ore  and 
water  and  then  run  out,  or  if  water  is  abundant  they  are  discharged  into 
a  sluice  and  washed  away. 

For  leaching  purposes  the  amount  of  water  needed  to  wash  a  charge 
varies  very  little  with  the  richness  of  the  ore,  going  to  show  the  perfect 
leaching-condition  of  the  ore  in  the  barrel.  The  amount  required  is  about 
120  gallons  per  ton  more  than  the  quantity  used  in  the  barrel  for  chlorina- 
tion, which  is  about  100  gallons  per  ton. 

In  order  to  get  a  concentrated  solution  for  after-treatment,  and  to 
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reduce  the  amount  of  solution  to  be  treated,  a  tank  is  placed  over  the 
barrel,  and  when  the  richest  of  the  solution  and  wash-water  has  ran  out 
into  the  reservoir-tank  the  discharge  hose  is  connected  with  a  pipe  leading 
to  the  upi>er  tank,  and  the  washing  is  finished  into  it.  The  solution 
collected  in  this  way  is  used  in  the  next  following  charge  in  the  barrel. 
The  quantity  of  solution  to  be  precipitated  is  thus  reduced  to  120  gallons 
per  ton  of  ore  treated. 

The  advantages  claimed  for  this  method  are :  (1)  the  freedom  of  the 
building  from  chlorine  gas;  (2)  the  control  obtained  over  the  j)erfect 
washing  of  the  ore  ;  (3)  the  small  amount  of  labour,  especially  skilled 
labour,  necessary ;  and  (4)  the  small  amount  and  simplicity  of  the 
machinery  for  the  great  amount  of  work  accomplished. 

One  man  of  ordinary  intelligence  and  a  helper,  are  able  to  look  after 
three  barrels — charging,  leaching,  and  discharging  them.  If  the  tailings 
are  sluiced  out  no  extra  help  is  needed,  but  where  they  have  to  be 
trammed,  one  man  in  addition  is  necessary.  The  disadvantages  are  due 
to  the  necessary  constniction  of  the  ban-el,  but  do  not  interfere  with  its 
successful  working.  They  are  principally  the  amount  of  space  taken  up 
by  the  filter  and  the  portion  of  the  barrel  underneath,  and  the  fact  that 
when  the  barrel  is  charged  and  running  it  is  not  perfectly  balanced. 

These  disadvantages  can  be  partly  overcome  by  placing  the  filter  close 
to  the  shell,  only  leaving  sufficient  space  underneath  to  allow  of  free 
circulation,  but  bringing  it  up  to  the  same  height  on  the  sides  of  the 
barrel  as  the  horizontal  filter ;  then,  by  using  compressed  air  to  displace 
the  solution  and  wash-water,  an  equally  good  result  can  be  obtained. 

For  the  collection  of  the  solution  two  tanks  are  necessary,  each  of 
ample  capacity  to  hold  a  day's  solution  from  all  the  ban-els.  Those  for 
collection  are  placed  on  the  same  floor  as  the  chlorinators  (unless  fall  can 
be  secured  to  place  them  below).  On  a  step  below  are  the  precipitation - 
tanks,  which  should  be  of  the  same  capacity  and  number  as  the  collect- 
ing-tanks. The  limit  to  size  would  probably  be  50  tons  capacity  ;  where 
more  is  treated,  another  battery  of  tanks  would  be  needed. 

For  a  precipitant  Mr.  Eothwell  recommends  hydrogen  sulphide  gas 
generated  from  paraffin  and  sulphur  or  from  iron  sulphide  and  sulphuric  acid 
as  the  cheapest  and  most  satisfactory.  It  is  generated,  and  then  forced 
through  the  solution  with  a  small  air-pump,  which  at  the  same  time  forces 
air  through,  keeping  the  solution-tank  in  an  agitated  state  and  expelling 
any  free  chlorine  gas.  To  save  time  the  gas  is  turned  into  the  tank  while 
it  is  filling  up,  so  that,  when  the  tank  is  full,  a  few  minutes  finish  the 
precipitation  and  collection.     The  tank  is  now  allowed  to  stand  two  or 
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three  hours,  when  it  will  have  settled  sufficiently  to  allow  of  the  supernatant 
liquor  being  drawn  off  through  a  filter-press.  There  is  little  danger  of 
precipitating  arsenic  and  antimony  which  may  be  present  when  the 
process  is  worked  cold,  as  they  do  not  commence  to  come  down  till  some 
time  after  the  gold  has  been  precipitated  and  collected. 

This  precipitant  would  not  be,  however,  desirable  with  any  consider- 
able quantity  of  copper  or  lead  in  the  solution,  but  small  quantities  can 
be  dealt  with  in  the  after-treatment. 

The  loss  in  gold  is  considerably  less  if  the  precipitate  is  allowed  to 
accumulate  in  the  tanks,  and  a  clean-up  made  after  six  or  ten  precipitations, 
than  if  it  were  filtered  through  a  press  and  collected  after  eveiy  pre- 
cipitation. There  does  not  seem  to  be  any  advantage  derived  from  a 
continuous  precipitation  and  collection  on  this  account  if  hydrogen 
sulphide  gas  is  used,  as  the  filters  will  soon  become  so  coated  and  clogged 
with  the  sulphides  as  to  retard  rapid  filtration  without  extreme  pressure, 
which  is  sure  to  increase  the  loss. 

The  handling  of  a  large  number  of  filter-cloths  is  also  a  source  of  loss, 
no  matter  how  carefully  done.  The  asbestos  filter-cloth  under  ordinary 
conditions  will  last  100  charges,  and  can  be  changed  in  about  an  hour  and 
a  half;  one  cloth  has  been  known  to  last  150  charges. 

The  life  of  the  supporting  plates  and  grating  can  be  made  to  equal  the 
life  of  the  lining  of  the  barrel,  and  with  barrels  that  have  several  thousand 
charges  to  their  credit  this  shows  little  wear. 

The  latest  suggested  modification  of  the  chlorination  process  appears 
to  be  that  patented  by  TV.  D.  Bolim,  described  and  illustrated  in  the  Neiv 
York  Mining  Journal  of  December  .Slst,  1892.  Briefly  stated,  the  principles 
involved  in  it,  are  a  forced  upward  circulation  of  the  solvent  solutions 
through  the  powdered  ore  placed  in  a  suitable  vat,  of  special  construction. 

The  circulation  is  maintained  until  the  precious  metals  are  dissolved, 
when  air-pressure  is  applied  above  the  charge,  to  force  out  as  much  of 
the  solution  as  possible,  wash-water  being  subsequently  forced  up  from 
below,  or  admitted  above  the  charge,  and  then  forced  out  in  a  similar 
manner,  the  previous  constant  flow  upwards  having  caused  (it  is  stated) 
such  a  deposition  of  the  sand  as  to  allow  the  hquid  to  be  expressed 
rapidly  and  cleanly.  It  is  claimed  by  using  a  solution  of  chlorine 
in  water,  and  circulating  it  in  closed  pipes  and  vessels,  that  a  considerable 
saving  of  gas  is  effected,  and  that  as  rapid  results  are  obtained  as  with 
agitation,  with  much  less  power  and  wear  and  tear,  while  ores  of  different 
character  can  be  treated  in  a  short  time  and  with  little  labour. 

The  plant  is  said  to  be  equally  applicable  to  cyanide  treatment ;  the 
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precipitation  of  the  gold  being  effected  on  shavings  of  an  alloy  of  zinc 
and  sodium  is  claimed  to  be  more  efficient  than  zinc  alone.  The  chlorine 
water  is  circulated  through  the  ore  in  a  manner  similar  to  a  cyanide 
solution.  It  is  claimed  for  the  electrolytic  chlorine-producing  apparatus, 
the  invention  of  two  Russian  chemists  (which  is  worked  in  connexion  with 
this  process),  that  a  great  reduction  in  the  cost  of  producing  chlorine  is 
effected ;  that  common  salt  will  supply  the  place  of  sulphuric  acid  and 
chloride  of  lime,  that  the  machine  is  simple,  requiring  no  skilled  labour, 
and  has  been  running  with  success  at  the  El  Dorado  mine,  Siberia. 

This  plant,  in  charge  of  an  engine-driver,  produces  40  lbs.  of  chlorine 
gas  from  less  than  1 50  lbs.  of  common  salt,  utilizing  5  horse-power.  The 
results  are  vouched  for  by  M.  Leon  Ferret,  mining  engineer  to  the 
Imperial  Russian  Government. 

A  diaphragm-pump  of  special  construction  prevents  any  emulsified 
grease  or  other  undesirable  matter  from  getting  into  the  solution,  and 
stops  leakage  of  the  gold  solution  through  defective  glands,  etc. 

The  cost  of  working  this  process  is  stated  to  vary  with  the  locality. 
Kaolin  ores  of  Mount  Morgan  have  been  treated  before  the  erection  of 
the  electrolytic  chlorine  generator  at  the  following  cost : — 

10  lbs.  of  bleach,  at  4  cents 

8       „       acid,  at  2  cents         

Labour  and  power 

3  ^ 

The  time  occupied  for  each  charge  being  4  hours. 

The  extraction  is  not  stated,  but  a  proportionate  increase  in  cost  of 
chemicals  would  be  necessitated  in  the  treatment  of  ores  requiring  more 
chlorine. 

Mr.  Claude  Yautin  mentions,  as  recent  useful  innovations,  glass-lined 
iron  pipes,  manufactured  by  Messrs.  D.  Ry lands  &  Co.'r  enamelled  iron 
diaphragm-pumps  for  conveying  corrosive  solutions,  made  by  Messrs.  Scott 
&  Sons  ;  and  a  compound  containing  upwards  of  75  per  cent,  of  available 
sulphuric  acid,  solid  below  the  temperature  of  boiling  water,  which  can 
be  packed  in  iron  drums,  and  shipped  as  ordinary  cargo  (obtainable 
from  the  Ore  Dressing  Co.,  42,  Old  Broad  Street) ;  also  chloride  of  lime 
packed  in  specially  prepared  iron  drums.  The  form  in  which  these  two 
latter  reagents  are  sold  may  be  of  utility  to  persons  employing  the  chlorina- 
tion  process,  especially  in  localities  distant  from  a  railway  where  transj)ort 
has  to  be  taken  into  account. 
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Mr.  T.  K.  Rose,*  commentiug  on  Mr.  Vautin's  statement  "that  pre- 
cipitated sulphide  of  copper  is  not  to  be  recommended  as  a  practical 
precipitant  for  gold,  owing  to  its  physical  condition,  and  the  facility  with 
which  it  is  oxidized  to  sulphate  of  copper,"  says: — "In  accepting  this 
statement  as  correct  in  a  certain  limited  sense,  it  must  not  be  forgotten 
that  the  siiitabihty  of  the  precipitant  depends  mainly  on  the  manner  in 
which  it  has  been  prepared.  By  adding  a  boiling  saturated  solution  of 
sulpiride  (or  rather  a  mixture  of  the  polysulphides  of  sodium)  to  the 
equivalent  proportion  of  a  boiling  saturated  solution  of  sulphate  of 
copper  with  vigorous  stii-ring,  sulphide  of  copper  is  precipitated  in  a 
granular  form,  which  settles  quickly  in  water.  This  substance  is  more 
active  in  the  precipitation  of  gold  than  the  fused  sulphide.  Its  activity 
is  due  to  the  larger  surface  presented  by  the  porous  granules,  and  to  the 
fact  that  it  is  easily  decomposed.  It  is,  as  Mr.  Vautin  says,  somewhat 
liable  to  atmospheric  oxidation,  but  the  loss,  owing  to  this  cause,  is  insig- 
nificant, because  it  is  always  kept  covered  with  water,  and  can  only  take 
up  such  oxygen  as  may  be  dissolved  in  the  latter.  The  granules  of  the 
sulphide  of  copper  can  be  made  the  size  of  peas,  under  favourable  con- 
ditions, and  there  is  no  practical  difficulty  met  with  in  precipitating  gold 
rapidly  and  completely  by  their  use.  A  point  in  favour  of  the  fused 
sulphide  of  copper  is  the  readiness  with  which  it  can  be  obtained,  and  as 
it  has  been  proved  to  answer  well,  there  is  no  reason  why  it  should  be 
rejected  in  favom"  of  the  precipitated  salt." 

The  Cyanide  Process. 

The  plant  requu'ed  for  the  MacArthur-Forrest  process  consists  of 
crushers  (stamps  or  rolls)  to  pulverize  the  ore  to  20  to  60  mesh,  and 
leaching  and  precipitating-tanks  of  nuKh  the  same  description  as  those 
used  for  chlorination :  but  as  its  i^rofessed  object  is  the  treatment  of  the 
ore  in  bulk,  the  number  of  tanks,  etc.,  required  for  this  method  of  treat- 
ment are  of  necessity  much  larger  than  in  chlorination  works.  The 
cost  of  erection  of  such  a  plant  on  a  basis  of  treating  50  tons  per  day 
would  not,  so  it  is  said,  ordinarily  exceed  £6,250,  everything  included. 

The  report  of  Mr.  J.  R.  Bradshaw  (assayer,  etc.,  of  Charters  Towers) 
states,  without  going  into  details,  that  from  information  he  received  at 
Ravenswood,  North  Queensland,  it  can  be  worked  there  to  profit  at  a  cost 
of  £2  per  ton,  but  the  cost  must  of  necessity  depend  on  the  district  and 
surrounding  circumstances. 

■  Mr.  Bradshaw  claims,  moreover,  economy  for  the  process  in  regard 

*  Mining  Jonvnnl,  March  11th,  1893,  page  276. 
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to  time  occupied  in  treatment,  as  compared  with  raw  amalgamation  in 
pans,  stating  that  with  an  ordinary  wheeler,  |  ton  of  auriferous  stone  of 
about  2|  ounce  grade  is  decomposed  in  6  hours,  representing  the  capacity 
of  one  wheeler  as  being  equal  to  treating  12  tons  per  week.  Mr. 
Mclntyre,  the  company's  manager  at  Ravenswood,  he  goes  on  to  state,  is 
erecting  two  wheeler  pans,  measuring  5  feet  in  diameter,  capable  of 
carrying  a  charge  of  3  tons  of  ore  each,  and  it  will  thus  be  seen  that  with 
two  jDans,  24  tons  of  ore  can  be  decomposed  in  24  hours. 

It  would  be  interesting  to  learn  how  those  arithmetical  calculations 
panned  out  in  actual  practice  as  regards  power  consumed  and  other  details. 

A  test  of  the  Ravenswood  ore  made  by  Mr.  Bradshaw  gave  an  extrac- 
tion of  89  per  cent,  of  the  gold  and  70  per  cent,  of  the  silver. 

If  the  success  of  the  process  demanded  the  mechanical  incorporation 
of  the  cyanide  solution  with  the  ore  in  pans,  it  would  seem  likely  to  be 
foredoomed  to  failure,  and  on  this  account  the  idea  is  now  almost  entii'ely 
abandoned. 

It  would  probably  be  found  that,  for  convenience  and  speed,  barrels 
could  be  advantageously  substituted  for  pans,  but  modern  developments 
of  the  process  have  done  away  with  the  original  notion  of  auxiliary 
agitation. 

The  Chemistry  of  the  GyanuU  Process. 

This  has  been  ably  dealt  with  by  Messrs.  Charles  Butters,  Ph.D.,  and 
J.  E.  Clennel,  B.Sc,  in  a  series  of  papers  which  appeared  in  the  New 
York  Mining  Journal,  in  October  last,  from  which  the  following  extracts 
are  taken : — 

•Eisner  has  shown  that  the  very  finely  divided  gold  obtained  by 
precipitating  a  solution  of  the  chloride  with  ferrous  sulphate  may  be 
dissolved  by  potassium  cyanide,  provided  there  is  an  excess  of  oxygen 
present. 

The  compound  formed  may  be  looked  upon  as  a  double  cyanide  of 
gold  and  potassium  (KCyAuCy),  and  the  reaction  which  takes  place 
may  therefore  probably  be  represented  by  the  following  equation : — 

2Au  +  4KCy  +  0  +  HoO  =  2KAuCy2  +  2KH0. 
Two  interesting  points  are  indicated  by  the  above  equation,  which  it  is 
well  to  bear  in  mind,  in  applying  potassium  cyanide  as  a  gold  solvent  on  a 
commercial  scale  : — 

1.  That  the  quantity  of  cyanide  theoretically  capable  of  dissolving 
a  given  amount  of  gold  is  infinitesimal,  compared  with  the 
weight   actually  required  in  practice.     Taking  Au  =  196*8, 


174  PROCESSES   OF   ORE   TREATMENT. 

K  =  39-04,  and  Cy  =  25-98,  it  will  be  observed  that  130-04 

parts  by  weight  of  potassium  cyanide,  should  be  capable  of 

dissolving-  196*8  parts  of  gold,  or  approximately  two  parts  of 

the  cyanide   salt  should   dissolve  three  parts  of   gold.     The 

minimum   actual   consumption   in   treating   free-milling  ore, 

assaying,  let  us  say,  10  dwts.  per  ton,  is  about  3  lbs.  per  ounce 

of  gold  recovered,  or  roughly  forty  parts  by  weight  of  cyanide 

for  one  part  of  gold.     In  the  leaching-tanks  alone  1  lb.  of 

cyanide  is  generally  consumed  per  ton  of  material  treated. 

2.  That  an  extremely  small  quantity  of  surplus  oxygen  is  sufficient 

to  cause  the  solution  of  the  gold,  15-96  parts  being  required 

for  393*6  parts  of  gold,  or  say  as  1 :  25.     The  air  present  in  a 

porous  mass  of  tailings,  with  that  dissolved  in  the  water  used  in 

making  up  the  solution,  is  in  fact  more  than  ample  to  effect  the 

reaction.     To  explain  the  enormous  excessive  consumption  of 

cyanide,  we  must  bear  in  mind  the  great  instability  of  the 

simple  cyanides. 

Hydrocyanic  acid  is  liberated  from  its  salts  by  all  minsral  acids, 

carbonic  acid,  and  all  common  organic  acids.      Atmospheric  carbonic 

acid  is  sufficient  to  set  up  a  certain  amount  of  decomposition,  in  which  a 

constant  evolution  of  hydrocyanic  acid  takes  place  as  follows : — 

2KCy  +  C0.3  +  H,0  =  2HCy  +  K2CO3. 

Then,  again,  we  must  consider  the  proneness  to  oxidation  which  the 

cyanates  exhibit,  and  which  in  fact  lies  at  the  base  of  most  of  their 

technical  applications.     Potassium  cyanide  readily  changes  into  cyanate 

and  ultimately  into  carbonate  : — 

KCN  +  0  =  KCXO  ; 
2KCN0  +  30  =  K2CO3  +  CO2  +  N.,. 
The  presence  of  alkalies,  which  always  occur  in  commercial  cyanide,  tends 
to  induce  the  peculiar  and  little  understood  decomposition  termed  hydro- 
lysis, which  seems  to  be  mostly  produced  in  the  zinc  boxes  by  the  presence 
of  that  metal. 

In  the  reaction  alluded  to  above,  the  alkali  api^ears  to  determine  a 
chemical  change  in  which  water  plays  a  part,  while  the  alkali  itself  is 
not  in  the  least  affected. 

There  are  good  grounds  for  supposing  that  in  dilute  solutions  a  dis- 
sociation of  the  cyanide  takes  place,  so  that  what  we  term  a  weak  solution 
of  potassium  cyanide  is  in  reality  a  mixed  sokition  of  potassium  hydrate 
and  hydrocyanic  acid  : — 

H,0  +  KCy  =  HCy  +  KHO. 
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This  being  the  case,  it  is  only  natural  that  hydrocyanic  acid  should 
be  constantly  given  off  from  all  vessels  in  which  weak  cyanide  solutions 
are  freely  exposed  to  the  air,  and  its  smell  is,  in  fact,  generally  notice- 
able in  the  neighbourhood  of  the  tanks  in  which  it  is  stored. 

The  consumption  of  the  reagent  is  on  these  grounds  evidently  en- 
hanced by  the  agitation  or  circulation  systems,  since  these  methods 
involve  a  constant  exposure  of  fresh  surfaces. 

Another  source  of  waste  is  due  to  the  tendency  of  the  simple  cyanides 
to  form  double  salts  with  each  other,  or  with  other  metalhc  compounds. 

Salts  of  iron,  and  to  a  lesser  extent  of  aluminium,  magnesium,  cal- 
cium, and  the  alkali  metals  are  liable  to  occur  in  the  tailings,  especially 
after  long  exposure  to  atmospheric  influences. 

It  seems,  therefore,  that  under  the  most  favourable  circumstances  an 
enormous  waste  of  cyanide  must  take  place,  which  may  partly,  however, 
be  mitigated  by  the  use  of  closed  tanks  and  careful  attention  to  the 
purity  both  of  the  cyanide  itself  and  the  water  employed  to  dissolve  it. 

Action  of  Cyanide  on  Pyritic  Material. — Various  additional  decompo- 
sitions take  place,  when  cyanide  is  applied  to  the  treatment  of  pyritic  ores 
or  tailings.  The  surface  ores  of  the  celebrated  banket  formation  of 
South  Africa  consist  almost  exclusively  of  silica  and  oxide  of  iron,  the 
silica  occurring  in  the  form  of  rounded  pebbles,  embedded  in  a  softer 
matrix  highly  charged  with  ferric  oxide,  which  gives  it  a  characteristic 
reddish  tinge.  The  gold*  is  found  in  this  matrix  associated  with  the 
oxide  of  iron,  or  sometimes  in  small  scales  on  the  surface  of  the  pebbles. 
The  pebbles  themselves  carry  little  or  none. 

At  a  lower  level  this  free-milling  banket  passes  into  an  ore  precisely 
similar  in  structure,  but  much  harder,  and  containing  the  iron  in  the 
form  of  sulphide  instead  of  oxide,  which  gives  it  a  pecuHar  bluish  tint. 

There  can  be  no  doubt  that  the  free-milling  ores  have  been  formed  by 
the  gradual  oxidation  of  the  pyrites  through  the  influence  of  air  and 
moisture  during  a  long  period  of  time,  and  in  fact  we  see  this  change  in 
progress,  wherever  pyritic  material  has  been  exposed  to  the  action  of  the 
atmosphere.     The  first  effect  observed  is  the  conversion  of  ferric  sulphide 

*  Taking  into  account  the  production  from  tailings  and  concentrates  the  average 
yield  of  the  Witwatersrandt  ore  was  12  dwts.  5  grains  per  ton  in  1891  and  12  dwts, 
13  grains  in  1892.  At  the  end  of  1891  there  were  1,540  stamps  in  operation,  which 
yielded  11-23  dwts.  per  ton  by  direct  amalgamation,  whilst  the  average  of  free-gold 
saved  fell  in  1892  to  9-87  dwts.,  2,035  stamps  being  in  operation  at  the  close  of  the 
year ;  the  total  yield  having  increased  rather  than  fallen  off  goes  to  show  that 
though  the  ore  with  depth  has  become  more  sulphuretted,  it  has  so  far  been 
successfully  treated. 
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into  a  soluble  sulphate,  free  sulphuric  acid  being  liberated.  By  the 
action  of  the  air  again  on  the  ferrous  sulphate,  certain  insoluble  basic 
sulphates  of  variable  and  somewhat  complex  composition  are  found  to 
result,  whilst  a  certain  amount  of  soluble  ferric  sulphate  is  likely  to  be 
produced  at  the  same  time. 

The  pyritic  ores  of  the  Witwatersrandt  contain  also  small  amounts 
of  copper,  arsenic,  and  sometimes  cobalt  and  nickel,  but  the  amount  of 
these  foreign  metals  has  hitherto  been  so  small  that  it  has  not  practically 
interfered  with  the  process. 

As  the  fact  has  been  observed,  however,  at  the  Robinson  chlorination 
works,  that  copper  and  arsenic  seem  to  occur  in  gradually  increasing 
quantities  with  the  increasing  depths  of  the  mines  from  which  these 
concentrates  were  purchased,  it  is  possible  that  these  elements  may  be  a 
serious  source  of  trouble  in  the  future. 

If  one  attempts  to  treat  a  charge  of  partially  oxidized  })yritic  tailings 
directly  with  cyanide  solution,  the  free  sulphuric  acid  present  which 
renJers  the  moisture  they  contain  distinctly  acid,  sets  free  hydrocyanic 
acid.  Ferrous  sulphate  (green  vitriol)  reacts  upon  the  cyanide  with  the 
formation  of  ferrous  cyanide,  a  yellowish-red  flocculent  precipitate : — 

FeSO,  +  2KCy  =  FeCy^  +  K^SO,. 
This,  however,  under  ordinary  circumstances  is  slowly  converted  into 
potassium  ferrocyanide  by  the  excess  of  cyanide  present : — 

FeCy^  +  4KCy  =  K.FeCye. 
If  sufficient  acid  be  present,  the  ferrocyanide  reacts  on  nn  additional 
quantity  of  the  ferrous  salt,  ultimately  giving  rise  to  a  blue  precipitate 
or  coloration  (Prussian  blue)  : — 

3K,FeCyo  +  6FeS0,  +  30  =  Fe,03  +  GK,SO,  +  Fe.Cyig. 
A  coloration   of  that   sort  on  the   surface   of   the   tailings   or   in    the 
solution  is  therefore  a  sure  indication  that  acid  iron  salts  are  present, 
and  that  a  large  waste  of  cyanide  is  taking  place. 

Ferric  salts,  when  present  unmixed  with  any  ferrous  compounds, 
decompose  the  cyanide  solution  with  evolution  of  hydrocyanic  acid,  and 
precipitation  of  ferric  hydrate  : — 

Fe^  (S0,)3  +  6KCy  +  6H,0  =  Fe,  (OH)^  +  6HCy  +  SK.SO^. 
This  reaction  takes  place  in  two  stages,  the  first  being  the  formation  of  a 
soluble  but  very  unstable  ferric  cyanide,  giving  a  dark  brown  solution  : — 

Fe,  (S04)s  +  6KCy  =  FeoCy^  +  SK^SOi, 
which  decomposes  as  follows : — 

Fe^Cye  +  6H2O  =  Fe^  (0H)6  +  6HCy. 
This  gives  rise  to  ferric  hydrate,  part  of  which,  being  in  a  finely  divided 


PROCESSES   OF   ORE   TREATMENT.  177 

colloidal  condition,  is  with  difficulty  removed,  as  it  chokes  the  pores  of 
the  filters. 

A  mixture  of  ferrous  and  ferric  sulphates,  such  as  is  probably  always 
present  in  partially  oxidized  pyritic  tailings,  causes  the  appearance  of  a 
blue  colour  on  the  addition  of  cyanide,  after  the  free  alkali  of  the  com- 
mercial product  has  been  neutrahzed,  Prussian  blue  (ferric-ferrocyanide), 
Fci  (FeCyg)^,  behig  produced  when  the  ferric  salt  is  in  excess,  and  Turn- 
bull's  blue  (ferrous-ferricyanide),  Feg  (FeCy6)2,  when  the  ferrous  salt 
predominates. 

Before  attempting  to  treat  pyritic  material  or  products  with  cyanide, 
it  is  necessary  therefore  to  get  rid  of  tlie  free  sulphuric  acid  and  soluble 
iron  compounds.  This  is  generally  done  by  leaching  with  water  until 
the  Hquid  running  off  the  tanks  no  longer  shows  a  coloration  with 
ammonium  sulphide.  After  this  treatment  the  insoluble  basic  sulphates 
which  still  remain,  and  being  gradually  decomposed  by  water,  would  act 
upon  the  cyanide  solution,  are  dealt  with  by  washing  with  caustic  soda 
or  lime  water.  This  converts  the  basic  salts  into  ferric  hydrate  and 
sodium  or  calcium  sulphates.  When  the  quantity  of  free  acid  and  iron 
salts  is  small,  the  preliminary  wash-water  may  be  advantageously  omitted. 

Lime  in  the  dry  state  is  sometimes  mixed  with  the  tailings  before  the 
cyanide  treatment  commences.  When  this  method  is  adopted  the  iron  is 
precipitated  as  a  mixture  of  ferrous  and  ferric  hydrates.  After  the  wash- 
ing with  alkali  is  completed,  the  tanks  are  allowed  to  drain,  and  strong 
cyanide  solution  of  about  6  per  cent,  is  pmnped  on. 

Even  after  this  treatment  the  consumption  of  cyanide  with  moderately 
pyritic  tailings,  which  have  been  partially  decomposed  by  exposure,  is 
found  to  be  four  times  that  which  occurs  with  free-milling  material. 

The  presence  of  a  large  excess  of  alkali  in  the  solution  brings  about 
various  secondary  reactions,  which  lead  to  a  loss  of  cyanide,  such  as  the 
hydrolysis  before  referred  to,  and  a  peculiar  action  in  the  zinc  box 
mentioned  later. 

Lime  though  slower  in  its  action  is  preferable  to  caustic  soda  as  a 
neutralizing  agent,  as  it  is  equally  effective  in  decomposing  the  iron  salts, 
less  active  in  producing  secondary  reactions  on  the  cyanide,  and  also  less 
energetic  in  attacking  the  zinc  in  the  precipitating-boxes. 

Ferric  hydrate  does  not  appear  to  be  acted  upon  by  potassium  cyanide, 
but  ferrous  hydrate,  which  is  formed  on  the  neutralization  of  the  iron  salts 
by  alkalies,  reacts  on  the  cyanide  in  excess,  with  the  formation  of  ferro- 
cyanide  of  potassium  : — 

Fe  (OH)a  +  6KCy  =  K^FeCye  4-  2K0H. 
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Deposition  of  Gold  from  Cyanide  Solutions. — Under  certain  conditions, 
such  as  the  absence  of  sufficient  oxygen  in  the  sohition,  a  partial  precipi- 
tation of  the  previously  dissolved  gold  appears  to  occur.  If  by  any 
chance  the  solution  should  become  acid,  there  is  a  decomposition  of  the 
double  cyanide  of  gold  and  potassium,  in  which  the  gold  is  generally 
supposed  to  be  thrown  down  as  (insoluble)  aureus  cyanide  : — 
KAuCyo  +  HCl  =  KCl  +  HCy  +  AuCy. 

In  working  on  the  circulation-and-transfer  system  it  is  found  that 
where  pyi'itic  material  is  under  treatment  it  is  not  safe  to  transfer  a  solu- 
tion already  rich  in  gold  to  a  fresh  lot  of  tailings,  as  the  extensive  decom- 
position of  the  solution  which  takes  place  may  lead  to  a  final  loss  of  gold. 

Selective  Action  of  Cyanide. — It  is  claimed  by  the  inventors  of  the 
MacArthur-Forrest  process,  that  in  a  mLxture  containing  metallic  gold, 
silver,  copper,  and  base  metals,  cyanide  of  potassium  exerts  a  selective 
action,  dissolving  first  the  gold,  then  the  silver,  and  afterwards  attacking 
the  copper  and  baser  metals. 

The  process,  however,  does  not  appear  to  have  been  successfully 
applied  to  ores,  such  as  are  met  with  in  parts  of  California  and 
Austraha,  containing  considerable  quantities  of  foreign  metals. 

Ores  containing  sulphides  of  silver  and  copper  produce  considerable 
decomposition  of  cyanide,  the  copper  being  partially  dissolved  as  sub- 
sulpho-cyanide,  the  silver,  however,  remaining  unattacked. 

In  two  experiments  carried  out  by  Mr.  Wm.  Bettel,  chief  chemist  of 
the  Robinson  Gold  ^Mining  Company,  on  an  ore  from  the  Albert  sOver 
mine  (containing  30  ounces  of  silver  per  ton  and  10  per  cent,  of  copper), 
it  was  found  that  no  extraction  of  silver  occurred,  this  metal  being  present 
as  sulphide. 

Action  of  the  Zinc  Shavinys  on  the  Solution. — "We  must  now  consider 
the  action  of  the  zinc  on  the  gold  cyanide  solution.  Theoretically,  a 
simple  substitution  of  zinc  for  gold  occurs  in  accordance  with  the  follow- 
ing equation  : — 

2KAuCy2  -f  Zn  =  K^ZnCy^  +  2Au. 

Taking  Zn  =  65'1,  An  =  196-8,  it  follows  that  GS'l  parts  by  weight 
of  zinc  should  be  sufficient  to  precipitate  393' 6  parts  of  gold,  or  1  lb.  of 
zinc  should  precipitate  6  lbs.  of  gold.  The  actual  consumption  of  zinc 
is  about  1  lb.  per  troy  ounce  of  gold  recovered.  It  is  evident,  then,  that 
zinc  is  consumed  in  some  other  way  than  in  mere  replacement  of  gold. 

During  the  passage  of  the  solution  through  the  zinc  boxes  a  constant 
vigorous  evolution  of  small  bubbles  may  be  noticed,  which  are  found  to 
consist  chiefly  of  hydrogen.      The  outflowing  liquid  is  found  to  possess  a 
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greater  degree  of  alkalinity  than  it  had  on  entering  at  the  head  of  the 
box,  and  a  smell  of  hydrocyanic  acid  and  sometimes  of  ammonia  is  con- 
stantly observed  in  the  neighbourhood  of  the  boxes. 

It  is  clear,  then,  that  a  decomposition  of  the  potassium  cyanide 
solution  itself  by  the  zinc  is  in  progress,  and  this  is  not  to  be  wondered 
at  when  we  consider  the  powerful  electro-chemical  effect  which  must  be 
produced  by  the  contact  of  such  a  highly  positive  metal  as  zinc  with  a 
strongly  negative  metal  such  as  gold. 

Ordinary  commercial  zinc  loses  weight  when  immersed  for  some  time 
in  cyanide  solution,  but  the  action  is  slow.  It  is  doubtful  whether 
pure  potassium  cyanide  would  have  any  action  at  all  on  chemically  pure 
zinc.  It  is  well-known  that  the  copper-zinc  couple  produced  by  im- 
mersing zinc  in  a  solution  of  a  copper  salt  decomposes  water. 

An  analogous  reaction  of  the  zinc  couple  accounts  for  the  evolution 
of  hydrogen  above-mentioned  : — 

Zn  +  2H2O  =  2H  +  Zn  (OH)^. 
The  hydrate  of  zinc  is  at  once  dissolved  in  the  excess  of  cyanide  : — 

Zn  (OH),  +  iKCy  =  K.^ZnCyi  +  2K0H, 
which  reaction  accounts  for  the  increased  alkalinity  of  the  solution. 

There  are  reasons  for  believing  that  the  black  deposit  formed  on  the 
zinc  shavings  is  an  actual  chemical  compound  of  gold  and  zinc,  which 
acts  as  the  negative  element  in  the  electric  couple,  the  undecomposed  zinc 
forming  the  positive  element. 

When  strong  solutions  of  caustic  soda  have  been  used  for  neutralizing 
the  acid  salts  of  the  ore,  a  white  deposit  is  frequently  observed  on  the 
zinc.     The  alkali  first  attacks  the  metal  to  form  a  zinc-sodium  oxide : — 

Zn  +  2XaH0  =  Zn  (OXa),  +  2H. 
This  then  reacts  on  the  double  cyanide  of  zinc  and  potassium  always 
present  in  the  solution,  and  precipitates  the  w^iite  insoluble  simple  cyanide 
of  zinc  : — 

2H2O  +  Zn  (0Na)2  +  K^ZnCy^  =  2ZnCy2  +  2NaOH  +  2K0H. 
This  reaction  is  of  some  importance  as  affording  one  means  by  which 
the  excessive  accumulation  of  zinc  in  the  solutions  is  avoided. 

Affinity  of  Zinc  for  Cijanof/en. — Potassium  auro-cyanide  (KAuCya) 
appears  to  be  one  of  the  most  stable  of  the  salts  of  gold,  and  the  reaction 
in  the  zinc  boxes,  shows  that  the  affinity  of  zinc,  together  with  potassium, 
for  cyanogen,  is  greater  than  that  of  gold  with  potassium  for  the  same 
radicle.  Hence  a  solution  of  potassium  cyanide  cannot  dissolve  gold  which 
is  in  contact  with  zinc,  neither  can  gold  replace  zinc  in  a  solution  of  the 
double  cyanide  of  zinc  and  potassium.     So  long  as  any  zinc  is  present, 
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therefore,  we  need  not  fear  that  the  precipitated  gold  will  redissolve  in  the 
excess  of  potassium  cyanide  flowing  through  the  boxes. 

It  is  evident  also  that  the  cyanogen  contained  in  the  double  cyanide  of 
zinc  and  potassium  is  not  available  for  dissolving  gold,  nor  when  a 
solution  charged  with  zinc  is  employed  in  the  treatment  of  a  fresh  lot  of 
tailings  it  is  only  effective  in  so  far  as  it  contains  a  certain  quantity  of 
simple  cyanide  of  potassium  or  other  alkaline  cyanide. 

New  Methods  of  Precqiitation. — The  cyanides  of  sodium  and  ammonium 
and  those  of  the  alkaline  earths  (calcium,  barium,  etc.)  will  dissolve  gold 
as  well  as  potassium  cyanide.  Sodium  cyanide  is  more  difficult  to  manu- 
facture than  the  potassium  compound,  but  a  given  weight  of  it  should 
be  more  effective  than  the  same  weight  of  jiotassium  cyanide,  inasmuch  as 
49  parts  of  the  former  are  equivalent  to  65  of  the  latter. 

The  advantages  of  MoUoy's  process  and  others  which  employ  sodium 
or  potassium  amalgam  will  be  referred  to  later.  The  alkali  metal  is 
obtained  by  the  electrolysis  of  the  carbonate  between  electrodes  of  lead  and 
mercury  : — 

Na,C03  =  Na,  +  CO^  +  0. 

The  sodium  forms  an  amalgam  with  the  mercury.     Sodium  amalgam 
may  also  be  manufactured  direct  from  its  elements.     It  is  claimed  for  this 
method  of  precipitation  that  the  whole  of  the  cyanogen  is  restored  to  a 
condition  available  for  dissolving  gold  as  shown  by  the  reaction  : — 
Na  +  KAuCy^  =  Au  +  KCy  +  NaCy. 

Composifmi  of  the  Zinc  Slimes. — Any  base  metals  which  happen  to  be 
in  solution  in  the  cyanide  liquor  are  liable  to  be  precipitated  by  the  zinc 
along  with  the  gold.  Hence  the  zinc  slimes  are  found  to  contain  a  cer- 
tain percentage  of  copper  as  well  as  traces  of  arsenic  and  antimony. 
Moreover,  any  impurities  in  the  zinc  will  also  find  their  way  into  the 
slimes,  as  zinc  will  be  dissolved  by  the  cyanide  in  preference  to  any  less 
oxidizable  metals,  e.g.,  tin  and  lead.  Silver  is  dissolved  by  the  cyanide 
and  re-precipitated  by  zinc  by  a  set  of  reactions  precisely  analogous  to 
those  of  gold  : — 

2Ag  -I-  4KCy  +  0  +  H,0  =  2KAgCy2  +  2K0H,  and 
2KAgCy2  +  Zn  =  K.ZnCy,  +  2Ag. 

It  has  been  observed  that  the  proportion  of  silver  to  gold  is  greater  in 
the  cvanide  bullion  than  in  the  gold  from  the  batteries,  and  this  is 
explained  by  supposing  that  the  loss  of  silver  in  amalgamation  is  greater 
than  that  of  gold. 

Treatment  of  the  Zinc  Slimes. — The  removal  of  the  zinc  is  a  trouble- 
some operation,  and  is  only  very  partially  carried  out  in  smelting  the 
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dried  slimes.     The  admixture  of  sand  is  made  for  the  purpose  of  forming 
a  fusible  silicate  of  zinc. 

A  portion  of  the  zinc  is  volatilized  and  burns  at  the  mouth  of  the 
crucible  with  a  greenish  flame,  producing  the  white  oxide  (ZnO),  which  is 
found  encrusting  the  flues,  and  no  doubt  carries  with  it  no  inconsiderable 
quantity  of  gold  and  silver.  The  most  promising  method  of  treating 
these  slimes  appears  to  be  that  suggested  by  Mr.  Bettel  of  fluxing  with 
acid  sulphate  of  soda  and  fluorspar. 

Attempts  to  remove  the  zinc  prior  to  smelting  have  been  only  partially 
successful,  as  all  such  methods  involve  the  filtration  of  a  slimy  mass, 
which  retains  soluble  salts  with  great  tenacity. 

The  slags  from  the  fusion  of  the  zinc  slimes  contain  a  considerable 
amount  of  gold,  some  of  which  is  in  the  form  of  round  shot,  and  may  be 
removed  by  pounding  up  the  slag,  passing  through  a  coarse  sieve,  and 
panning  off.  The  residue  from  the  first  fusion  should  always  be  fused 
again  with  additional  lead  to  form  an  alloy  with  the  gold.  The  same 
lead  bars  may  be  used  for  a  number  of  successive  fusions  of  the  slag,  and 
when  sufficiently  enriched  the  gold  can  be  recovered  by  cupellation. 

Testing  of  Cyanide  Solutions. — It  is  a  matter  of  importance  to  deter- 
mine exactly  what  strength  of  cyanide  solution  is  used  in  treatment  of 
tailings.  The  ordinary  method  of  testing  depends  on  the  fact  that  silver 
cyanide  is  soluble  in  excess  of  potassium  cyanide,  with  the  formation  of  a 
double  cyanide  of  silver  and  potassium  : — 

KCy  +  AgNOs  =  AgCy  +  KNO3,  and 
AgCy  +  KCy  =  KAgOy.,. 

When  silver  nitrate  solution  is  added  drop  by  drop  from  a  burette 
to  a  solution  of  cyanide  a  white  precipitate  is  formed,  which  quickly 
redissolves.  At  a  certain  stage  the  precipitate  becomes  permanent,  when, 
in  fact,  the  whole  of  the  cyanide  has  been  converted  into  the  soluble  silver 
salt,  and  an  additional  drop  of  silver  nitrate  produces  a  permanent 
precipitate  of  the  insoluble  simple  cyanide  of  silver  : — 
KAgCys  +  AgNOs  =  KNO3  +  2AgCy. 

From  these  reactions  107*66  parts  by  weight  of  silver  are  equivalent 
to   13004  parts  of  potassium  cyanide.     A  convenient  standard  silver 
solution  is  one  of  such  strength  that  every  cubic  centimetre  added  to  10 
cubic  centimetres  of  the  solution  to  be  tested,  corresponds  to  0*1  per  tent.- 
of  pure  potassium  cyanide. 

This  method  gives  good  results  when  pure  cyanide  solutions  are  under 
examination,  but  when  the  solutions  contain  zinc  it  is  difficult  if  not 
impossible  to  determine  the  end  of  the  reaction.     A  white  flocculent  pre- 
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cipitate  occurs  at  a  certain  stage,  probably  consisting  of  simple  (insoluble) 
cyanide  of  zinc,  formed  by  the  decomposition  of  the  soluble  double  cyanide. 

This  precipitation  occurs  long  before  the  whole  amount  of  potassium 
cyanide  has  been  converted  into  the  soluble  double  salt  of  silver  (KAgCy.2) 
for  the  solution  after  the  appearance  of  the  flocculent  precipitate  still 
gives  the  Prussian  blue  reaction  with  acidulated  ferrous  sulphate. 

A  standard  solution  of  iodine  in  potassium  iodide  may  be  used  with 
great  accuracy  for  determining  the  total  amount  of  cyanogen  in  a  solution 
whether  in  combination  with  zinc  or  not,  making  use  of  the  reaction  : — 
KCy+l2  =  KI  +  ICy. 

The  colour  of  the  iodine  is  discharged  so  long  as  an  excess  of  cyanide 
is  present.  The  sharpness  of  the  terminal  reaction  may  be  increased  by 
adding  a  small  quantity  of  starch  to  the  solution  under  examination,  which 
gives  a  permanent  blue  colour  as  soon  as  an  excess  of  iodine  has  been  added. 

What  is  most  needed,  however,  is  a  rapid  method  of  determining  the 
amount  of  cyanide  available  for  dissolving  gold,  for,  as  was  pointed  out 
above,  the  cyanide  in  combination  with  zinc  is  not  available  for  that 
pui*pose. 

The  method  of  testing  solutions  containing  zinc  for  available  cyanide 
which  was  introduced  by  Mr.  Bettel  at  the  Eobinson  Company's  works  is 
as  follows :  — Two  perfectly  clean  flasks  of  equal  size  are  taken.  To  each 
of  these  is  added  a  considerable  bulk,  say  50  cubic  centimetres  of  the 
solution  to  be  tested  and  50  cubic  centimetres  of  water.  The  liquid  in 
both  flasks  will  probably  appear  slightly  turbid,  but  the  degree  of  turbidity 
will  be  the  same  in  each.  Standard  silver  nitrate  solution  is  run  into  one 
flask  until  the  slightest  possible  increase  in  turbidity  is  observed  in  com- 
parison with  the  liquid  in  the  other  flask.  This  point  is  taken  as  indicating 
the  conversion  of  the  whole  of  the  free  potassium  cyanide  into  the  soluble 
silver  salt,  and  therefore  as  determining  the  amount  of  available  cyanide 
present. 

The  amount  of  gold  in  the  solution  is  generally  found  l)y  evaporating 
a  known  bulk  with  litharge,  fluxing  the  residue  and  cupelling  the  resulting 
lead  bullion.     Evaporation  on  lead  foil  may  likewise  be  employed. 

Poisonous  Projjerfies  of  Cyanide. — A  few  words  may  not  be  out  of 
place  in  this  connexion.  Although  one  of  the  most  rapidly  and  deadly 
of  known  poisons  when  taken  internally,  its  action  as  a  blood  poison  is 
much  less  violent.  Xevertheless,  when  introduced  into  cuts  it  produces 
very  painful  sores.  The  men  employed  in  cleaning-up  and  in  melting 
the  slimes  are  subject  to  a  peculiar  eruption,  especially  on  the  arms, 
and  complain  of  headache,  giddiness,  and  general  depression. 
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FeiTocyanide  of  potassium  has  been  recommended  as  a  remedy  for 
the  eruption  ;  it  may  be  taken  internally  and  also  applied  as  a  lotion. 
Considering-  the  dangerous  nature  of  the  reagent  it  is  remarkable  how  few 
fatal  cases  have  occurred  through  the  use  of  cyanide  on  a  large  scale.  In 
cases  of  poisoning  precipitated  carbonate  of  iron,  obtained  by  mixing 
solutions  of  sodium  carbonate  and  ferrous  sulphate,  may  be  used  as  an 
antidote,  forming  internally  an  insoluble  blue  compound  with  the  cyanide. 

Hydrocyanic  acid  acts  directly  on  the  nervous  system,  causing  instant 
paralysis,  hence  any  treatment  which  will  excite  the  action  of  the  nerves 
such  as  applications  of  cold  water  to  the  spine,  inhalation  of  ammonia,  etc., 
may  be  tried  in  cases  of  faintness  produced  by  breathing  the  acid  vapour. 

The  disposal  of  waste  cyanide  liquors  is  a  matter  of  serious  consider- 
ation. Solutions  containing  01  to  0*2  per  cent,  of  potassium  cyanide  must 
occasionally  be  discharged  and  are  likely  to  contaminate  the  water  of  the 
dams  or  streams  which  receive  them  to  a  dangerous  extent.  If  some 
effective  means  of  precipitating  the  zinc,  or  better  still  of  dispensing  with 
the  use  of  zinc  altogether,  could  be  devised  there  would  never  be  any 
necessity  for  allowing  cyanide  liquors  to  leave  the  works. 

Ajyplications  of  the  Cijanlde  Process. 

Mr.  Almarin  B.  Paul  appears  to  have  originated  the  idea  of  using  cyanide 
solution  in  the  battery  crushing  the  ore  wet.  This  he  claims  to  have  done 
with  success  at  the  Calamut  mill,  Shasta  County,  California.  He  states 
that  liis  plan  is  in  all  cases  to  crush  with  a  weak  solution,  and  should  the 
ore  require  a  higher  percentage  of  cyanide  when  the  first  solution  has 
Ijercolated  below  the  surface  of  the  ore,  after  the  tanks  have  been  filled,  a 
stronger  one  can,  if  necessary,  be  introduced.  All  the  dust  and  disagreeable 
effects  of  dry-crushing  is  thus  avoided.  The  loss  of  cyanide  in  crushing 
is  but  nominal,  and  is  off-set  by  the  cheapness  of  working  and  complete- 
ness of  distribution  of  the  cyanide  through  the  pulp  in  the  tanks.  This 
plan  has  been  followed  of  late  at  the  May  Consolidated  works  in  South 
Africa,  but  it  does  not  appear  to  be  applicable  to  all  cases,  as  generally 
when  ores  have  been  crushed  wet  and  run  direct  to  the  tanks  the  pulp  has 
packed  so  hard  as  to  be  impenetrable  to  the  leach  liquor.  Ores  con- 
taining impurities,  such  as  arsenic  and  tellurium,  have  proved  obstinate 
to  deal  with. 

The  consumption  of  available  potassium  cyanide  may  for  practical 
purposes  be  divided  into  avoidable  and  unavoidable  decomposition  ;  each 
of  these  factors  varying  witli  the  composition  of  the  ore,  the  strength  of 
the  solution,  time  of  contact,  and  method  of  treatment. 
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Tests  made  ou  a  heavy,  ra\y  sulphide  gold  ore  by  Mr.  C.  W.  Merrill,  using 
a  2  per  cent,  solution,  showed  that  it  was  capable  of  decomposing  avaOable 
cyanide  at  the  rate  of  12  lbs.  per  ton  in  24  hours,  but  that  by  taking  all 
possible  precautions  this  loss  could  be  reduced  to  3  lbs.  per  24  hours. 

The  reduction  in  loss  of  cyanide  seems,  however,  to  have  been  set  off 
by  an  extravagant  loss  of  time,  as  it  is  necessary  to  continue  the  treatment 
for  7  to  10  days. 

A  series  of  extraction  tests  proved  that  a  J  per  cent,  solution 
when  reinforced  each  day  gave  as  good  results  as  a  stronger  one, 
and  with  a  decomposition  of  only  5  to  7  lbs.  of  cyanide  jier  ton.  As  the 
ore  contained  acid  salts  of  iron  and  fine  copper  sulphides,  both  of  which 
decompose  potassium  cyanide,  the  probability  is  that  the  weak  solutions 
were  rendered  inert  after  a  few  hours'  contact  with  the  ore,  hence  the 
necessity  of  reinforcing  them. 

A  series  of  experiments,  published  in  detail  m  the  New  YorJc  Mininf/ 
Journal  of  December  24th,  1892,  were  made  by  Mr.  G.  E.  Kedzie,  M.E., 
to  determine  how  far  the  gold-bearing  pyritic  ores  of  Ouray,  Colorado, 
could  be  successfully  treated  by  the  cyanide  process,  and  also  to  learn  the 
conditions  under  which  the  most  complete  extraction  could  be  obtained, 
together  with  the  amount  of  cyanide  consumed.  These  experiments 
throw  much  light  on  the  question  of  how  far  it  is  practicable  to  treat  ores 
of  a  similar  description  by  the  cyanide  method. 

The  samples  under  treatment  contained  gold  and  siher  in  varying 
proportions,  ranging  from  027  ounce  to  145"  90  ounces  of  the  former,  and 
0"65  ounce  to  458  ounces  of  the  latter  metal,  the  value  of  the  high-grade 
ores  and  tailings  being  determined  by  triplicate  scorification  assays,  and 
that  of  the  low-grade  ores  and  tailings  by  duplicate  crucible  fusions. 
The  gangue  in  some  cases  was  quartzose,  in  others  calcareous  or  clayey, 
and  contained  iron  pyrites,  copper  pyrites,  and  magnetite,  either  alone  or 
in  admixture. 

The  deductions  drawn  from  these  tests  were:  (1)  the  gold  is  more 
readily  extracted  than  the  silver  ;  (2)  under  the  same  conditions  the  per- 
centage of  extraction  is  increased — (a)  by  the  fineness  of  the  pulj) — (b)  by 
the  duration  of  treatment — (c)  by  the  strength  of  the  cyanide  solution ; 
(3)  the  greater  the  amount  of  cyanide  added  to  the  ore,  the  higher  will  be 
the  percentage  of  extraction,  but  in  this  case  the  total  values  extracted  for 
each  pound  of  cyanide  consumed  are  less  than  when  a  smaller  amount  of 
cyanide  is  used  for  each  ton  of  ore  treated  ;  and  (4)  when  the  same  amount 
of  cyanide  is  used  for  each  ton  of  ore  treated  the  percentage  of  extraction  is 
greater  when  the  weight  of  the  solution  is  equal  to  that  of  the  ore  taken. 


PEOCESSES   OF   ORE   TREATMENT.  185 

His  conclusions  are  that  there  are  no  flattering  indications  of 
the  process  being  a  metalkirgical  success  with  the  pyritic  ores  under 
consideration.  With  high-grade  ores,  which  are  under  no  circum- 
stances adapted  to  this  process,  the  percentage  of  extraction  under  the 
most  favourable  circumstances  is  low,  lower  even  than  the  results  obtained 
by  amalgamation.  However,  the  total  values  extracted  for  each  pound  of 
cyanide  consumed  are  relatively  high. 

With  low-grade  ores,  even  where  the  low  value  of  the  tailings  will 
admit  of  their  being  thrown  away,  the  total  values  extracted  in  a  majority 
of  instances  are  less  than  the  cost  of  cyanide  consumed,  to  say  nothing  of 
milling  expenses.  In  these  experiments  the  percentage  of  potassium  cyanide 
varied  from  0'5  to  1*5  per  cent.  The  treatment  lasted  from  12  to  60  hours. 
The  extraction  of  the  gold  ranged  from  2*31  to  8J:*62  per  cent.  The 
extraction  of  the  silver  varies  from  nil  to  88*88  per  cent.  The  propor- 
tion of  the  potassium  cyanide  added  per  ton  of  ore  represented  from  5  to 
GO  lbs.,  and  its  consumption  rose  from  3*2  to  50'8  lbs.  per  ton.  The 
lowest  value  extracted  per  lb.  of  cyanide  consumed  was  0'28  dollar  and  the . 
highest  53'72  dollars.  The  latter  result  was  obtained  in  treating  an  ore 
which  assayed  145*90  ounces  in  gold  and  -158  ounces  in  silver  per  ton. 

Mr.  Kedzie  suggests,  as  the  outcome  of  his  observations,  that  the 
strongest  solutions  used  should  not  exceed  in  strength  \  per  cent, 
of  potassium  cyanide,  and  good  results  are  anticipated  with  much 
weaker  ones.  Arrangements  should  be  made  for  the  slow  percolation  of 
the  cyanide  solution,  so  as  to  keep  the  ore  always  in  contact  with  a  solu- 
tion of  nearly  normal  strength,  and  finally  the  period  of  lixiviation  should 
be  extended  to  9G  hours,  if  necessary,  in  order  to  secure  a  more  complete 
extraction.  To  comply  with  these  conditions  the  mechanical  difficulties  of 
leaching  and  loss  of  time  must  evidently  be  debited  against  a  higher  return. 

Messrs.  Clennel  and  Butlers  state*  that  the  cyanide  process  is  the  only 
method  which  has  hitherto  met  with  success  in  treating  the  tailings 
derived  from  various  South  African  mills  after  amalgamation.  The 
adoption  of  the  process  has  been  rapid,  and  its  success  most  remarkable. 
Despite  its  simplicity  on  paper,  the  working  metallurgist  who  attempts 
to  carry  out  the  process  on  a  large  scale  soon  finds  himself  confronted 
with  difficulties.  These  arise  from  the  nature  of  the  material  under  treat- 
ment, and  from  the  manipulations  necessary  in  applying  the  treatment 
to  ore  in  bulk. 

Neither  the  solution  of  the  gold  in  the  ore  under  treatment,  nor  its 
precipitation,  nor  the  conversion  of  this  precipitate  into  bullion,  is  perfect 
*  Continuation  of  articles  in  the  Xcio  York  Mini/it/  Journal  before  referred  to. 
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theoretically  or  practically.  Losses  occur  in  each  operation,  and  the 
consumption  of  cyanide  and  zinc  has  been  shown  to  be  much  in  excess  of 
what  is  indicated  by  the  various  chemical  reactions  primarily  involved. 

Hitherto  the  process  has  only  been  successfully  applied  to  those  ores 
or  taihngs  usually  described  as  free-milling,  i.e.,  such  as  are  capable  of 
yielding  the  greater  part  of  their  gold  in  the  ordinary  amalgamation 
process.  The  promoters  of  the  process  have  been  singularly  fortunate 
in  South  Africa  in  the  nature  of  the  material  they  have  had  to  deal  with. 
The  ores  forming  the  upper  portion  of  the  main  reef  series,  extending  to 
a  depth  of  10  to  150  or  200  feet  (as  on  the  Robinson  property)  consist 
almost  exclusively  of  silica  and  oxide  of  iron.  They  contain  practically 
no  substance,  except  gold  and  silver,  which  the  cyanide  is  capable  of 
attacking. 

It  is  in  dealing  with  ores  or  products  containing  sulphide  of  iron, 
especially  when  these  are  partially  oxidized  to  sulphates  and  those  con- 
taining compounds  of  lead,  zinc,  etc.,  that  the  difficulties  of  the  process 
begin. 

Solution  of  the  Gold. — When  the  cyanide  process  was  first  introduced, 
about  two  yeai"s  ago,  it  was  thought  necessary  to  agitate  the  material 
under  treatment  A\ith  the  cyanide  solution  to  obtain  a  satisfactory  extrac- 
tion. It  was  soon  found,  however,  that  the  power  needed  and  the  rapid 
decomposition  of  the  reagent  were  items  of  expense,  which  more  than 
compensated  for  the  greater  percentage  of  the  precious  metals  obtained 
in  comparison  with  simple  lixiviation.  The  operation  is  carried  out  by 
the  African  Gold  Recovery  Company,  who  represent  the  patentees  in 
South  Africa,  as  follows  : — The  damp  tailings  from  the  settling-pits  are 
charged  into  wooden  vats  holding  35  to  50  tons,  originally  built  square. 
The  best  works  are  now  building  them  circular,  those  at  the  Robinson 
works  holding  75  tons,  and  at  the  Langlaagte  Estate  400  tons,  whilst  at 
the  New  Primrose  stiU  larger  ones  are  being  constructed. 

The  vats  are  filled  to  within  a  few  inches  of  the  top,  and  the  surface 
of  the  tailings  levelled.  Cyanide  solution  of  0*6  to  0*8  per  cent,  strength 
is  then  allowed  to  flow  into  the  tank  until  it  is  entirely  filled. 

The  ore  settles  from  3  inches  to  1  foot  below  the  rim  of  the  tank 
(the  amount  of  shrinkage  depending  on  the  depth  of  the  vat).  This 
solution  is  allowed  to  remain  undisturbed  in  contact  with  the  ore  for  12 
hours. 

Each  vat  is  provided  with  a  false  bottom  (usually  a  wooden  frame- 
work covered  with  cocoanut  matting).  Below  this  is  a  layer  of  coarse 
sand  and  pebbles  through  which  the  solution  percolates. 
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An  iron  pipe  commuuicates  with  the  vat  below  the  false  bottom,  and 
conveys  the  filtered  solution  to  the  zinc  boxes,  where  the  precipitation 
takes  place.  After  12  hours'  contact  with  the  ore,  the  solution  is  allowed 
to  drain  out  of  the  tank  by  opening  a  cock. 

The  dilute  cyanide  solution  does  not  attack  the  wood,  or  corrode  the 
iron  piping  to  any  appreciable  extent.  In  wear  and  tear  of  the  apparatus 
the  use  of  cyanide,  therefore,  offers  advantages  over  chlorine,  which 
otherwise  might  be  applied  just  as  cheaply  to  the  treatment  of  these 
oxidized  surface-ores.  Brass  plungers  and  pump-valves  are  attacked,  but 
not  very  rapidly.  The  pumps  at  the  Robinson  works  stood  for  four 
months  with  comparatively  little  wear,  but  iron  is  preferable  for  the  pump 
fittings  where  cyanide  is  employed. 

As  the  liquor  is  drawn  off  during  the  leaching  process  it  is  replaced 
by  fresh  solution.  This  operation  is  continued  for  a  longer  or  shorter 
period,  depending  on  the  grade  of  the  tailings,  for  6  to  12  hours.  At  the 
end  of  this  period,  known  as  the  strong  solution-leaching,  a  weaker  solu- 
tion (containing  0*2  to  0*4  per  cent,  of  cyanide)  is  turned  on,  and  allowed 
to  filter  through  the  ore  for  about  8  to  10  hours.  This  weak  solution  is 
then  drawn  off  through  another  zinc  box  (known  as  the  weak  zinc  box). 
Finally,  a  quantity  of  water  is  run  into  the  tank,  more  or  less  equivalent 
to  the  amount  of  moisture  which  the  ore  contained  when  the  tank  was 
filled.  This  last  washing-water  displaces  the  weak  cyanide  solution,  so 
that  the  volume  of  cyanide  solution  in  use  remains  unchanged.  The  weak 
solution  is  in  fact  the  li(|uor  which  has  previously  passed  through  the 
zinc  boxes  into  the  receiving-tanks  or  sumps,  and  has  been  pumped  again 
to  the  leaching-tanks.  The  cyanide  is  usually  supplied  in  cases  containing 
170  to  105  lbs.  of  crude  cyanide,  contaminated  with  carbonaceous  matter 
and  iron,  but  containing  72  to  78  per  cent,  of  pure  potassium  cyanide. 

This  cyanide  is  usually  dissolved  in  a  small  volume  of  water  to  form 
a  highly  concentrated  solution,  a  special  tank  being  employed  for  this 
purpose.  The  solution  of  required  strength  is  obtained  by  adding  this 
concentrated  solution  to  the  dilute  liquor  in  the  sumps.  By  this  means  a 
dilute  solution  of  a  given  strength  is  more  accurately  arrived  at  than  if 
the  cakes  of  cyanide  were  dissolved  directly  in  the  required  volume  of 
water,  since  the  percentage  of  cyanide  can  be  more  accurately  determined 
in  a  strong  solution.  The  actual  amount  of  solution  used  is  about  half  a 
ton  of  the  stronger  (0'6  to  0"8  per  cent.)  and  half  a  ton  of  the  weaker 
(0*2  to  0*4  per  cent.)  solution  for  every  ton  of  ore  leached. 

When  the  final  wash- water  has  been  added,  and  has  displaced  the 
weak  solution,  the  residues  are  discharged  usually  by  the  tedious  process 
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of  shovelling  them  over  the  side  of  the  vat.  A  truck  line  runs  generally 
by  the  side  of  the  tanks  to  receive  the  discharged  tailings,  Avhich  are 
dumped  outside  the  works.    The  tank  is  then  ready  for  a  fresh  charge. 

The  percolation  system  just  described  may  be  modified  however  in 
various  ways.  One  of  the  first  difficulties  arose  when  the  tailings  con- 
tained a  small  percentage  of  iron  pyi'ites,  which,  on  exposure  to  the  air, 
had  become  converted  into  sulphate,  with  the  liberation  of  free  sulphuric 
acid.  The  trouble  could  be  minimized  by  treating  the  tailings  direct  from 
the  battery,  giving  no  time  for  the  oxidation  of  the  pyrites,  but  to  deal 
with  old  tailings  which  had  been  exposed  to  the  atmosphere  for  some  time 
it  was  found  necessary  to  give  them  a  preliminary  washing,  first  with 
water  and  afterwards  with  an  alkaline  solution,  such  as  lime  or  caustic 
soda.  At  the  Robinson  works  lime  was  given  the  preference,  as  it  is  less 
active  in  inducing  decomposition  of  the  cyanide  solution  in  the  tanks 
and  in  attacking  the  zinc  used  in  precipitation. 

Substances  present  in  the  ore  which  are  capable  of  decomposing  the 
cyanide  may  cause  much  trouble  by  reprecipitating  the  gold,  and  deposit- 
ing it  in  the  gelatinous  mass  formed  on  the  surface  of  the  tank,  especially 
if  the  circulation-method  is  employed.  It  has  been  stated  that  a  ton  of 
ore  generally  requires  for  its  treatment  a  ton  of  solution,  and  since  with 
free-milling  ore  a  much  smaller  quantity  is  sufficient  to  dissolve  the  gold, 
it  was  suggested  that  the  solution  from  one  tank  might  be  transferred  to 
a  second,  and  be  made  to  dissolve  an  additional  quantity  before  passing 
to  the  zinc  boxes.  For  example,  at  the  Robinson  works  it  was  found 
that  20  tons  of  solution  were  amply  sufficient  to  extract  40  ounces  of  gold 
from  75  tons  of  tailings  in  one  tank ;  whilst  20  tons  of  solution  sufficed 
to  fill  a  tank  holding  the  usual  charge  of  75  tons  of  tailings,  covering  it 
to  a  depth  of  3  or  4  inches. 

Instead,  therefore,  of  replacing  this  20  tons  of  solution  by  fresh  cyanide, 
the  solution  filtering  through  was  continually  pumped  back  again  into  the 
same  tank  for  about  36  hours,  and  then  passed  through  the  zinc  box. 

The  extraction  of  gold  .by  this  circulation-system  was  equal  to  that 
obtained  by  the  ordinary  method,  and  the  consumption  of  cyanide  was 
much  less,  since  a  much  smaller  quantity  of  solution  was  exposed  to  the 
zinc.  Another  modification  suggested  itself  as  a  further  step,  viz.,  to 
transfer  the  solution  charged  with  gold  from  one  vat  to  a  second  and 
third  in  order  that  it  might  take  up  an  additional  quantity  of  gold  from 
fresh  tailings  before  going  through  the  next  stage  of  the  process. 

The  advantages  of  this  method  are  that  the  solutions  from  which  the 
precipitate  is  obtained  are  much  richer  in  gold,  giving  a  cleaner  deposit 
on  the  zinc  with  much  less  consumption  of  cyanide. 
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Whilst  the  usual  practice  is  to  pi'epare  the  cyanide  solution  in  a  special 
tank,  as  before  stated,  at  the  Robinson  works,  the  strength  of  the  liquor 
is  kept  up  by  adding  cyanide  in  lumps,  dissolving  it  under  the  stream 
from  the  pump.  By  this  procedure,  a  cyanide  solution,  of  required 
strength,  is  formed  in  the  leaching-tank  itself. 

This  simplifies  the  operation  and  diminishes  the  number  of  tanks 
needed,  while  affording  an  easy  means  of  getting  rid  of  the  insoluble 
impurities  of  the  cyanide  (the  so-called  carbide  of  iron)  which  would 
otherwise  accumulate  as  a  black  slimy  deposit  in  the  concentrated  solu- 
tion tank.  This  insohible  residue  is,  of  course,  discharged  with  the 
tailings  when  the  tanks  are  emptied. 

A  further  difficulty  frequently  encountered  in  the  application  of  the 
cyanide  process  is  the  treatment  of  battery  slimes,  which,  owing  to  their 
fine  state  of  division  have  a  tendency  to  agglomerate  into  pasty  masses. 
These  either  resist  the  penetrating  action  of  the  cyanide  or  retain  the 
dissolved  gold  during  the  leaching  operation. 

No  satisfactory  remedy  had  at  any  rate  until  quite  recently  been 
devised,  though  the  evil  may  be  lessened  by  mixing  the  slimes  with  clean, 
coarse  sand.  In  the  direct  treatment  of  ore  from  the  battery  previously 
alluded  to,  coarse  gold,  which  is  easily  caught  on  the  plates,  is  very  slowly 
dissolved  by  cyanide,  and  this  is  probably  a  serious  source  of  loss. 

The  experience  at  the  Langlaagte  Estate  and  other  works  in  treating 
pyritic  concentrates  with  or  without  agitation  seems  to  confirm  what  has 
been  already  stated.  Although  an  extraction  of  over  90  per  cent,  has 
been  obtained,  it  appears  that  the  consumption  of  cyanide  is  enormous. 

Various  improvements  have  been  introduced  in  the  mechanical  details 
of  construction.  The  large  leaching-vats  of  the  Robinson  works  are 
rapidly  and  conveniently  discharged  by  a  trap-door  placed  in  the  centre 
of  the  tank  bottom,  which  is  hermetically  closed  by  a  screw-fastening. 
The  enormous  underground  vats  of  the  Langlaagte  Estat^e  works  are 
discharged  by  a  dredge,  which  appears  to  give  satisfaction. 

Precipitation  of  the  Gold.—^ONmg  obtained  a  solution  of  gold  in 
cyanide  of  potassium,  the  next  step  is  to  recover  it.  Various  precipi- 
tants  have  been  suggested,  but  the  only  one  which  has  come  into  use  on 
a  large  scale  is  metallic  zinc  in  the  form  of  freshly-turned  shavings  ;  zinc 
in  sheets  offer  too  Httle  surface  for  the  deposition.  The  same  is  true  of 
granulated  zinc.  When  once  the  surface  has  become  coated  with  an 
extremely  fine  layer  of  gold  the  action  ceases,  or  becomes  so  slow  that  the 
precipitant  cannot  be  practically  applied  in  this  form.  Zinc  dust  and 
zinc  amalgam  have  also  been  tried  and  are  effective,  in  so  far  as  they 


190  PROCESSES   OF   ORE    TREATMENT. 

present  a  large  surface  for  deposition,  but  are  found  to  clog  if  the  con- 
tinued flow  of  liquid  through  them  be  iuterrapted.  Sodium  or  potassium 
amalgam  has  been  used  with  success  on  a  small  scale,  as  in  the  Molloy 
process  now  about  to  be  tried  with  a  500  ton  plant  at  the  works  of  the 
Pioneer  Gold  Mining  Company,  but  the  difficulty  so  far  has  been  to  manu- 
facture these  substances  cheaply  and  in  sufficient  quantity  on  the  spot. 

The  zinc  shaviugs  now  in  use  are  prepared  by  turning  thin  sheets  of 
zinc  on  the  lathe.  This  produces  a  light  spongy  mass,  which  readily 
allows  the  solution  to  filter  through  and  presents  a  large  surface  for  the 
precipitation  of  the  gold.  These  shavings  are  placed  in  wooden  troughs, 
commonly  known  as  zinc  boxes,  and  the  solution  from  the  leaching-vats 
is  allowed  to  flow  slowly  through  them,  depositing  the  gold  as  a  finely 
divided  black  slime  on  the  surface  of  the  zinc,  while  the  zinc  gradually 
dissolves  in  the  liquid.  After  passing  the  zinc  box  the  exhausted  solution, 
which  should  not  contain  more  than  |  dwt.  of  gold  |)er  ton,  flows  into  the 
storage  tank  or  sump,  whence  it  may  be  pum^xid  back  to  the  leaching- 
tanks,  when  a  fresh  charge  has  to  be  treated. 

The  simple  replacement  of  gold  by  zinc  is  not  the  only  reaction  which 
occurs  in  the  zinc  box  :  we  find  that  a  notable  fdlling  off  in  the  strength 
of  the  cyanide  occurs,  due  to  secondary  reactions  caused  by  the  gold-zinc 
couple. 

Various  slight  modifications  have  been  introduced  in  the  construction 
of  the  zinc  boxes.  They  are  usually  divided  into  several  compartments  so 
arranged  that  the  liquid  flows  alternately  upward  and  downward  through 
the  shavings.  The  shavings  are  placed  in  a  tray,  the  bottom  of  which  is 
an  iron-wire  screen  of  about  4  holes  to  the  inch.  This  is  supported  a  few 
inches  from  the  bottom  of  the  zinc  box.  The  fine  gold  slimes  fall  through 
this  screen,  and  may  thus  be  separated  from  the  undecomposed  zinc  when 
the  clean-up  takes  place.  The  zinc  boxes  used  at  the  Robinson  works  are 
about  20  feet  long,  2  feet  wide,  and  2  feet  deep,  with  inclined  bottoms. 
They  are  divided  into  comj^artments  of  about  20  inches  in  length.  Each 
compartment  holds  about  a  bushel  of  shaviugs,  weighing  about  40  lbs. 

Seven  compartments  in  each  zinc  box  are  filled  with  shavings  ;  a 
single  compartment  at  the  head  is  left  empty  to  receive  any  sand  that  may 
be  carried  through  the  filters  by  the  solution  from  the  tanks.  A  double 
compartment  at  the  foot  is  also  left  empty  to  allow  any  gold  that  may  be 
earned  aAvay  by  the  stream  of  liquid  to  dejx)sit  before  the  solution  flows 
into  the  sump.  About  60  tons  of  solution,  which  is  the  quantity  required  for 
treating  the  ordinary  daily  charge  of  225  tons  of  tailings,  ai-e  allowed  to 
run  off  through  two  zinc  boxes  in  about  9  houi"s.     This  solution  may 
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cany  from  1  to  8  ounces  of  srold  per  ton  of  liquid  ;  after  passing  throuo-h 
the  zinc  boxes  it  rarely  contains  more  than  2  dwts.,  and  should  not  contain 
more  than  h  dwt.  if  the  precipitation  has  been  properly  carried  out. 

There  are  two  sets  of  zinc  boxes,  one  to  receive  the  strong  solutions 
(0'6  per  cent,  to  0*8  per  cent,  cyanide),  and  one  for  the  weak  solutions 
(0'2  per  cent,  to  0*4  per  cent.).  The  slimes  formed  in  the  weak  boxes  are, 
as  a  rule,  much  poorer  than  those  in  the  strong  boxes,  and  less  consump- 
tion of  zinc  takes  place  in  them. 

The  total  amount  of  zinc  consumed  amounts  to  about  100  lbs.  jier 
day.  Two  men  are  constantly  employed  at  the  lathes,  so  that  the  turning 
is  an  arduous  and  somewhat  costly  operation.  It  is  desirable  to  use 
freshly- turned  zinc,  as  the  surface  rapidly  oxidizes  and  then  becomes  much 
less  active  in  precipitating  the  gold.  The  most  vigorous  action  of  course 
takes  place  in  the  compartments  which  first  receive  the  solution  from  the 
tanks.  It  is  here  that  the  zinc  dissolves  most  rapidly,  and  is  accordingly 
replaced  by  shavings  from  the  lower  compartments,  whilst  fresh  zinc  is 
continually  added  as  the  last  compartment  is  emptied. 

The  clean-up  takes  place  once  or  twice  a  month.  The  screens  contain- 
ing the  undissolved  shavings  are  lifted  from  the  zinc  boxes.  The  boxes 
are  then  left  undisturbed  for  an  hour  or  so  to  allow  the  zinc  gold  slime  to 
settle  at  the  bottom.  The  liquid  is  then  drawn  off  by  a  syphon  until 
very  little  is  left  above  the  slimes.  The  box  is  then  cleaned  out,  and  the 
slimes  and  muddy  water  allowed  to  drain  through  a  screen  of  40  meshes 
to  the  inch.  The  mass  consisting  of  water,  finely  divided  gold,  and  very 
fine  zinc  is  rubbed  through  this  screen  with  a  short  stick  5  or  6  inches 
long,  to  the  end  of  which  a  piece  of  india-rubber  is  fixed. 

The  stuff  remaining  on  the  screen  consists  almost  entirely  of  uncon- 
sumed  zinc  fine  enough  to  pass  through  a  screen  of  12  meshes  to  the  linear 
inch.  This  is  replaced  in  the  first  division  of  the  zinc  boxes  over  a  fresh 
lot  of  shavings.  The  slime  consisting  of  finely  divided  gold  and  silver, 
with  a  large  proportion  of  zinc  and  lead,  and  a  certain  quantity  of  tin, 
antimony,  organic  matter,  and  other  accidental  impurities,  is  allowed  to 
settle  in  a  small  tank  placed  beneath  the  40  mesh  screen,  and  is  now  ready 
to  undergo  the  drying  and  melting  operations  necessary  to  convert  it 
into  bullion. 

In  the  Molloy  process  the  use  of  zinc  is  dispensed  with  altogether.  The 
solution  passes  through  a  shallow  trough  containing  mercury,  in  which  is 
an  inner  cylindrical  vessel  filled  with  solution  of  carbonate  of  soda,  the 
edges  of  the  cylinder  just  dipping  beneath  the  mercury  so  that  its  contents 
are  entirely  cut  off  from  the  other  portion  of  the  vessel. 
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A  rod  of  lead  dips  into  the  soda  solution,  the  lead  and  mercury  are 
connected  with  opposite  poles  of  the  dynamo  and  the  solution  is  electro- 
lysed by  the  passage  of  the  cuii'ent.  The  sodium  released  combines  with 
the  mercury  to  form  sodium  amalgam,  which  decomposes  the  gold  cyanide 
solution  with  formation  of  gold  amalgam,  sodium  cyanide  being  simul- 
taneously produced. 

It  is  claimed  that  much  less  decomposition  of  the  cyanide  takes  place 
than  with  zinc,  and  that  the  outflowing  solution  is  better  adapted  for 
dissolving  fresh  quantities  of  gold,  becoming  regenerated.  In  the  ordinary 
method  a  large  accumulation  of  zinc  in  the  solutions  must  take  place, 
which  in  time  would  render  them  valueless  for  gold  extraction,  whereas 
sodium  cyanide  is  just  as  effective  as  the  potassium  compound.  If  this 
method  of  precipitation  should  prove  successful  on  a  large  scale,  a  great 
improvement  will  have  been  effected. 

Production  of  Bullion. — The  third  stage  of  the  cyanide  process  con- 
sists in  converting  the  precipitated  gold  into  a  saleable  form.  The  slimes 
are  transferred  to  enamelled  iron  pans  and  carefully  dried  over  a  small 
furnace.  This  is  a  tedious  operation  which  requires  time.  The  rich- 
ness of  the  dried  slimes  will  depend  on  the  jiercentage  of  gold  present 
in  the  cyanide  li<|Uors  passed  through  the  zinc  boxes. 

The  pans  in  use  at  the  Robinson  works  contain  about  5  or  6  gallons 
of  dried  precipitate.  This  may  contain  as  much  as  15(»  or  as  little  as 
'20  ounces  of  gold.  The  precipitate  when  nearly  dry  is  mixed  with  sand, 
borax,  and  bicarbonate  of  soda,  and  melted  in  a  No.  60  crucible  at  a  fairly 
high  temperature.  The  material  melts  very  easily,  forming  a  very  liquid 
slag  which,  however,  corrodes  the  pots  rapidly,  so  that  a  good  cnicible 
rarely  lasts  out  more  than  eight  meltings.  The  change  is  not  added  all 
at  once,  but  as  each  portion  melts  and  sinks  down  fresh  quantities  of  the 
mixture  are  added. 

"When  the  pot  is  full  of  liquid  slag  it  may  contain  from  KjO  to  150 
ounces  of  bullion.  Large  quantities  of  oxide  of  zinc  are  given  off  during 
the  melting,  which  can-y  off  a  very  appreciable  amount  of  gold.  The 
zinc  fumes,  together  with  the  products  formed  by  the  decomposition  of  the 
cyanide  salts,  render  the  operation  anything  but  healthy.  The  bullion 
produced  is  whitish  in  appearance  and  about  650  fine.  It  is  veiy  hard 
and  brittle,  and  the  bars  are  by  no  means  uniform,  so  that  it  is  difficult 
to  obtain  an  accurate  assay.  In  addition  to  zinc  they  contain  silver, 
lead,  and  sometimes  a  little  copper.  Several  ways  have  been  suggested 
for  obtaining  a  purer  bullion.  One  method  consists  in  partially  roasting 
the  slimes  in  a  muffle  fm'nace,  whereby  part  of  the  zinc  is  oxidized  and 
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volatilized,  leaving  a  much  smaller  mass  for  subsequent  melting.     By 
this  treatment  bullion  of  800  fine  may  be  obtained. 

Another  method  is  to  carefully  wash  out  the  soluble  cyanide  salts  and 
then  treat  them  with  dilute  sulphuric  acid,  which  dissolves  the  zinc.  The 
objection  to  this  process  is  that  the  slimy  mass  is  very  difficult  to  filter,  and 
retains  the  soluble  zinc  salts  even  after  prolonged  washing. 

The  same  trouble  occurs  when  the  zinc  is  dissolved  in  hydrochloric 
acid.  Some  difficulty  is  also  experienced  in  washing  out  the  soluble 
cyanide  salts.  It  is  possible  that  the  use  of  filter-presses  might  to  some 
extent  solve  the  difficulty  of  purifying  the  zinc  slimes.  The  use  of  acid 
sodium  sulphate  also  appears  to  promise  good  results  as  a  solvent  for  zinc. 

No  attempt  as  a  rule  is  made  to  refine  the  product,  because  to  melt 
straight  away  into  bars  of  bullion  yields  a  larger  number  of  ounces  per 
month,  though  it  does  not  augment  the  sterling  value  of  the  product. 

In  general  it  is  found  that  on  a  large  scale  the  extraction  of  gold  by 
cyanide  amounts  to  70  or  80  per  cent.,  and  tailings  assaying  8  to  10  dwts. 
will  give  residues  assaying  2  to  2|  dwts. 

A  much  higher  extraction  is  obtained  on  a  small  scale  with  the  same 
strength  of  solution  when,  relatively,  large  quantities  of  solution  are  allowed 
to  pass  through  the  material  under  treatment. 

That  the  cyanide  process  is  well  adapted  at  present  for  the  treatment 
of  Witwatersrandt  ores  is  shown  by  the  fact  that,  although  the  system 
has  been  in  use  little  more  than  two  years,  40,000  tons  of  tailings  are 
now  being  treated  per  month.  The  process  is  only  in  its  infancy,  the 
varied  and  complex  problems  to  which  it  has  given  rise  are  mostly 
unsolved,  its  limits  are  yet  undefined,  and  it  would  be  rash  indeed  to 
forecast  its  future. 

Turning  again  to  what  has  been  done  in  America,  some  interesting 
particulars  of  the  process  are  given  by  Mr.  C.  Merrill  in  the  New  York 
Mining  Journal  of  November  5th,  1892,  from  a  report  made  by  Messrs. 
Louis  Jannin,  Sen.,  and  Henry  Bratnober  on  the  results  of  the  process  at 
the  Mercur  gold-mine,  Fairfield,  Utah.  The  ore  is  a  siliceous  limestone, 
carrying  magnetic  oxide  of  iron,  traces  of  cinnabar,  and  gold  (no  silver). 
No  free-gold  appears  to  be  present — in  the  ordinary  acceptation  of  the 
term — though  the  magnetic  oxide  of  iron  appears  to  be  more  or  less  coated 
with  a  thin  film  of  gold.  The  ore  contains  considerable  silt,  and  any 
attempt  at  fine-crushing  results  in  sliming  the  greater  portion.  This 
being  fatal  to  successful  leaching,  coarse-crushing  had  to  be  resorted  to, 
which  has  the  disadvantage  of  involving  more  time  for  successful  treat- 
ment.    There  appear  in  fact  to  be  few  ores  which  can  be  treated  with  any 
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degree  of  success  unless  cnished  fine  enough  to  pass  a  20  or  30  mesh 
screen.  The  ore  after  crushing  in  a  stone  breaker  passes  through  two  sets 
of  corrugated  rolls,  which  give  a  product,  20  per  cent,  of  which  remains 
on  a  No.  4  screen,  40  per  cent,  on  a  No.  12, 13  per  cent,  on  a  No.  30,  and 
26  per  cent,  passes  through.  Of  this  last  26  per  cent,  nearly  the  whole  is 
impalpable  powder. 

The  ore  is  carried  by  an  overhead  tramway  on  cars  to  the  leaching- 
vats.  The  best  size  and  pattern  for  the  latter,  according  to  experience  at 
this  mill,  is  a  round  vat,  the  shell  of  which  is  No,  10  or  12  sheet-iron. 
The  bottom  is  of  3  inch  California  red  wood,  and  is  caulked  with  oakum, 
over  which  is  poured  a  mixture  of  tallow  and  resin.  On  this  bottom  are 
placed  1  inch  by  1  inch  slabs  18  inches  apart.  Upon  this  rests  a  false- 
bottom  of  1  inch  yellow  pine,  in  every  s(piare  inch  of  which  is  perforated  a 
I  inch  auger  hole.  Over  this  perforated  false-bottom  is  stretched  a  burlap 
filter.  There  is,  of  course,  a  stopcock  (between  the  true  and  false-bottom), 
which  should  be  of  iron.  The  dimensions  of  the  vat  are :  diameter, 
12  feet  8  inches  ;  depth  over  all,  40  inches ;  depth  to  false-bottom, 
35  inches ;  capacity,  14  tons.  There  seems  no  reason,  however,  why 
larger  vats  should  not  be  used,  provided  they  are  round. 

The  ore  having  been  charged,  is  levelled  to  within  about  6  inches  of 
the  top  of  the  vat,  and  the  stopcock  being  closed,  a  ^  per  cent,  solution 
(1  lb.  of  pure  potassium  cyanide  to  400  lbs.  of  water)  from  the 
standardizing-tank,  is  run  in  from  a  pipe  till  about  3  inches  of  solution 
covers  the  top  of  the  ore.  It  has  been  found  that  the  solution  acts  slowly 
at  first,  but  more  rapidly  after  extraction  has  begun,  possibly  owing  to 
some  galvanic  action. 

The  charge  is  allowed  to  soak  from  12  to  24  hours,  then  the  solution  is 
allowed  to  percolate,  flowing  in  at  the  top  and  out  at  the  bottom  for  from 
24  to  240  hours,  according  to  the  leaching  rate  of  the  ore.  That  from 
near  the  surface  of  the  mine  is  very  slimy  and  requires  a  longer  time. 
The  average  time  is  al)out  60  hours,  or  practically  until  the  outgoing 
solution  does  not  discolour  bright  zinc.  The  test  is  made  by  placing  a 
little  sieve  containing  bright  zinc  threads  under  the  stopcock,  and  allow- 
ing it  to  remain  there  for  an  hour  or  so. 

If  it  remains  bright  the  solution  has  extracted  all  that  it  will  extract, 
and  the  flow  is  stopped.  The  outgoing  solution  from  all  the  vats  flows  to 
a  sump,  and  is  pumped  thence  to  a  second  or  gold-solution  tank.  From  this 
tank  it  is  allowed  to  flow  constantly  through  two  boxes  containing  spongy 
or  thread  zinc,  each  box  being  40  feet  long,  one  of  wood  1 2  inches  square 
internally,  and  the  other  of  iron  15  inches  square.     Each  box  is  provided 
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with  partial  partitions  which  deflect  the  current  from  the  bottom  to  the 
top  and  jnce  versa.  These  partitions  are  placed  about  3  feet  apart.  The 
zinc  should  occupy  so  many  of  them  as  will  give  bright  zinc  in  the  last  one, 
so  as  to  ensure  complete  precipitation.  The  solution  flows  from  the  zinc 
boxes  back  to  the  standardizing-tauk,  where  it  is  occasionally  tested,  and 
if  below  the  required  strength,  potassium  cyanide  is  added  in  proper 
quantities. 

After  the  gold  has  been  extracted  and  the  solution  has  been  turned 
off,  the  vats  are  allowed  to  drain.  It  has  been  found  that  there  remains 
400  lbs.  of  ^  per  cent,  cyanide  to  the  ton  in  the  taiUngs,  and  to  force  this 
out  a  wash  of  about  the  same  quantity  (400  lbs.)  of  water  is  used,  which 
joins  the  main  body  of  rich  solution  in  the  sump. 

After  this  is  drained  out,  as  the  tailings  still  contain  0*3  to  0*4  of  a 
pound  of  cyanide  per  ton,  a  second  wash  of  400  lbs.  of  water  to  the  ton  is 
added,  and  the  veiy  weak  solution  left  (which  is  forced  out),  runs  to  the 
waste-solution  tank,  whence  the  first  wash  of  succeeding  charges  is  drawn. 

At  the  end  of  the  mouth  the  outlet  from  the  gold-solution  tanks  to 
the  zinc  boxes  is  closed  and  the  latter  are  allowed  to  drain.  When  com- 
paratively free  from  solution  the  richest  portion  of  the  zinc  product, 
which  has  the  property  of  powdering  up  in  the  fingers,  is  removed. 

Y\v.  A.  Hanauer  gives  the  following  analysis  of  this  zinc  and  gold 
product : — Zinc,  39*1 ;  carbonate  of  lime,  36"7  ;  gold,  4'4  ;  cyanogen, 
3'5  ;  sulphur,  2*6  ;  iron,  2*4  ;  and  residue,  6*0.  This  product  is  sampled 
and  treated  by  the  Omaha  Smelting  Company,  who  return  20*60  dollars 
per  ounce  of  theu'  assay  of  its  gold  contents.  Deducting  12  cents  for 
express  charges,  this  leaves  a  net  return  of  19"88  dollars  per  ounce  of  gold 
extracted. 

It  is  stated  that  from  April  1st  to  July  1st,  there  were  milled  1,513 
tons  of  moist  ore  of  an  average  value  per  dry  ton  by  assay  of  £3  3s.  5d. 
(15-22  dollars).  The  ore  tailings'  assay  was  10s.  lOd.  (2-60  dollars).  The 
apparent  extraction  was  therefore  £2  12s.  7d.  (12"62  dollars)  per  dry  ton, 
or  83  per  cent,;  hence,  without  allowing  for  moisture,  we  should  have  a 
bullion  return  of  19,272"G0  dollars.  The  actual  bullion  returns  from  the 
smelter  were  16,805-80  dollars  =  73  per  cent.  =  £2  Gs.  Od.  (11-04  dollars) 
per  ton  of  moist  ore.  The  discrepancy  is  accounted  for  by  the  ore  being 
weighed  wet  and  assayed  dry,  making  a  difference  of  at  least  6  per  cent. 
due  to  moisture,  besides  loss  by  leakage,  handling,  and  drying. 

The  losses  due  to  leakage  and  handling  will  probably  be  minimized 
when  the  mill  is  in  thorough  working  order,  and  should,  it  is  claimed, 
leave  a  difference  of  not  more  than  2  to  3  per  cent.     The  following   is 
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stated  to  be  the  itemized  cost  per  ton,  compiled  from  the  books  of  the 
compauy.  It  is  exclusive  of  superintendence,  office  expenses,  and  royalty, 
and  covers  a  period  of  six  months  from  January  1st  to  July  1st : — 

s.  d. 

Potassium  cyanide,  1"27  lbs.  per  ton         ...         ...         ...     2  9 

Zinc,  055  lb.  per  ton  0  2^ 

Labour  (7  shifts  per  24  hours,  6  day  and  1  night)         ...     4  8 

Supplies,  repairs,  fuel,  freight,  etc.  2  4^ 

10    0 

In  regard  to  the  labour  item  it  is  said  that  since  the  jieriod  covered  by 
these  figures  the  capacity  of  the  mill  has  been  doubled,  reducing  this  charge 
to  2s.  4d,  per  ton,  and  the  total  cost  to  7s.  8d.  per  ton.  It  is  intended  in 
the  near  future  to  again  double  the  capacity  of  the  works,  requiring  only 
the  addition  of  4  shifts  to  run  the  crushing  machinery  and  to  charge  the 
tanks  at  niglit.  At  present  only  the  solution-man  is  on  night  shift. 
Notwithstanding  the  difficulty  the  Mercur  ore  offers  to  leaching,  (owing  to 
its  disposition  to  shme),  the  process  appears  to  be  in  this  case  certainly  an 
economic  success,  but  it  cannot  be  repeated  too  strongly  that  extensive 
preliminary  investigations  should  be  made  by  an  impartial  person  before 
attempting  to  apply  it  to  an  untried  ore  in  a  new  locality. 

Raw  Grinding. 

As  to  the  amalgamation  of  gold  ores,  Messrs.  McDermott  and  Duffield 
remark  :*  "  Generally  the  pan-amalgamation  process  must  be  preceded  by 
roasting.  In  the  colonies,  grinding  and  working  in  pans  the  raw,  partially 
concentrated  sulphides  is  practised,  but  in  the  United  States  this  process 
has  entirely  gone  out  of  use,  being  displaced  by  smelting  and  chlorina- 
tion,  rendered  possible  by  the  development  of  the  country  and  more  perfect 
concentration." 

Some  sulphides  contain  their  value  in  comparatively  coarse-gold, 
which,  grinding  will  liberate  and  mercury  attack,  Ijut  most  of  the  base- 
metal  sulphides  in  gold  ores  will  only  yield  a  small  jxirt  of  their  gold 
contents  to  such  a  process.  Even  when  still  in  use  this  process  has  its 
chief  excuse  in  an  imperfect  concentration,  and  would  be  better  super- 
seded by  the  close  saving  of  higher-grade  clean  concentrates,  properly 
treated  by  chlorination,  or  some  modification  of  the  smelting  process. 

The  same  writers  remark  :t  "  The   sulphide   ores   and  concentrates 

can,  as  a  safe  general  rule,  be  considered  as  not  adapted  to  amalgamation 

without   a  previous   roasting.      In  some  few   cases  where   the  gold  is 

comparatively  coarse,  a  sufficient  proportion  of  it  can  be  extracted  by 

*  Gold  Amalgamation,  page  31.  j  Ibid.,  page  44. 
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raw  pan-amalgamation  to  pay  a  profit  on  the  operation,  and  this  process 
is  used  at  places  in  the  Australian  colonies,  usually  after  a  crude  process 
of  concentration,  which  itself  involves  considerable  losses  of  fine  minerals, 
and  the  production  of  unclean  concentrates,  and  in  some  few  cases  the 
value  thus  extracted  is  to  an  appreciable  extent  in  the  form  of  amalgam 
lost  before  concentration.  Generally  speaking,  therefore,  it  is  safe  to  say 
that  raw  amalgamation  is  inadvisable  on  the  material  now  treated  of. 

"The  dead  (oxidizing)  roasting  of  sulphides  as  a  preparation  for  pan- 
amalgamation  improves  the  process  by  preventing  the  loss  of  quicksilver 
consequent  on  working  raw  sulphides,  but  it  is  not  so  successful  as  is 
generally  supposed,  or  as  theory  would  promise.  The  operation  of  roast- 
ing (whilst  it  apparently  frees  the  gold  from  its  combinations,  increases, 
perhaps,  the  size  of  the  gold  particles,  and  eliminates  the  objectionable 
sulphur  compounds,)  seems  to  have  a  bad  efi^ect  on  a  large  part  of  the  gold, 
putting  it  superficially  at  least  in  a  condition  unfavourable  for  securing 
contact  with  quicksilver.  The  extent  to  which  the  gold  is  thus  affected 
varies  curiously  in  different  ores  of  apparently  similar  composition,  and 
the  conditions  of  roasting  liave  also  an  infiuence  on  the  result. 

"  For  the  amalgamation  itself  of  the  roasted  ores  various  methods  are 
recommended.  One  process  used  in  the  colonies  is  by  working  with  large 
excess  of  quicksilver,  and  little  water,  and  apart  from  contact  with  iron. 
The  effect  of  grinding  in  iron  pans  seems  in  some  cases  much  less 
beneficial  than  when  amalgamation  is  conducted  in  stone  arrastras.  The 
use  of  gold  amalgam  in  place  of  quicksilver,  and  the  avoiding  of  contact 
with  iron  surfaces,  was  found  most  beneficial  in  exijeriments  conducted  by 
Mr.  Stetefeldt,  in  Mexico,  and  a  high  percentage  was  extracted  from  a  low 
grade  ore. 

"  On  the  other  hand,  experiments  on  many  gold  ores  in  the  New  York 
ore-testing  works  gave  unsatisfactory  results  by  all  these  processes  after 
roasting  in  a  small  reverberatory  furnace,  and  nothing  but  chlorination 
was  found  effective  when  the  material  was  rich  in  gold." 

On  most  points  the  writer  is  perfectly  in  accord  with  the  views  that  have 
just  been  stated  in  regard  to  raw  amalgamation,  and  entirely  so  in  regard 
to  the  inexpediency  of  roasting  first,  if  only  because  of  the  extra  cost 
added  to  the  process  when  the  ore  is  roasted,  which  scarcely  any  ore  can 
bear,  but  he  believes  that,  in  certain  exceptional  instances,  as  regards 
the  ore  and  as  affected  by  locality,  the  process  of  raw-grinding  is  justifiable 
to  a  certain  extent. 

The  writer  thinks,  as  Dr.  Foster  pointed  out  in  the  discussion  on 
Mr.  Curtis'  paper,  that  it  is  perfectly   possible  to  extract  a  very  high 
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percentage  of  gold  from  heavy  pyritic  ores  and  concentrates  by  this 
method,  of  which  there  are  examples  in  the  Pestarena  ore  iu  Italy 
(amalgamating  it  in  Frankfort  mills)  and  in  some  of  the  Transylvanian 
gold  mines,  where  Tyrolean  mills  are  employed  for  a  similar  purpose. 

More  frequently,  however,  one  finds  where  an  ore  carries  heavy  pyrites 
it  is  not  what  one  would  term  free-milling,  and  only  a  certain  proportion, 
roughly  speaking  50  to  65  per  cent.,  can  be  got  out  by  raw  grinding,  the 
process  being  generally  accompanied  by  heavy  loss  of  mercury  and  high 
working  costs. 

It  is  still  more  often  the  case,  that  mere  grinding  without  previous 
natural  decomposition  (which  can  sometimes  be  assisted  by  adding  a  little 
salt  to  the  ore  pile  and  allowing  it  to  weather  for  two  or  three  months 
previous  to  treatment)  will  only  extract  a  very  insignificant  percentage 
indeed,  and  roasting  with  salt  generally  will  merely  tend  to  make  matters 
worse,  both  commercially  and  metallurgically. 

The  method  of  grinding,  just  alluded  to,  which  is  followed  at 
Pestarena,  in  Italy,  is  in  several  respects  unique,  and  cannot  be  passed 
over  without  special  conmieut. 

The  ore,  which  consists  of  quartz,  mixed  with  micaceous,  graphite- 
schists,  carrying  iron  pyrites,  associated  with  a  little  arsenical  pyrites,  is 
first  screened,  and  the  lump  ore,  after  being  picked  over,  and  if  necessary 
cobbed,  is  crushed  in  a  rock-breaker,  and  then  delivered  to  Cornish  rolls, 
whilst  the  screenings  (mine  fines)  are  trammed  direct  to  the  rolls,  unless 
of  too  poor  quality,  in  which  case  they  are  concentrated  first  by  jigging. 

The  medium-size  ore  (resulting  from  cobbing)  is  washed  and  carefully 
picked  over  on  tables,  provided  with  settling-tanks  to  catch  any  fine 
pyrites  that  might  otherwise  escape,  before  it  is  sent  to  the  stone-breaker. 

The  product  of  the  rolls  derived  from  these  different  sources  is  delivered 
to  bins,  connected  with  what  are  known  as  Frankfort  mUls,  an  improved 
form  of  arrastra.*  5  to  10  lbs.  of  lime  per  ton  of  ore  is  added  to  the 
charge  to  prevent  sickening  of  the  mercury.  The  action  of  sickening  may 
be  caused  by  greasy  substances  such  as  graphite,  which,  under  the  name 
of  kish,  is  often  used  to  cover  the  surface  of  castings,  oil,  grease,  etc. 
Metallic  oxides  and  finely  divided  carbonate  of  lead  likewise  cause  flowing, 
and  so  do  some  soluble  chlorides,  owing  to  the  formation  of  calomel  on 
the  surface  of  the  mercury.  Ferric-chloride  l>eiug  formed  when  ores  are 
amalgamated  in  an  iron  pan  with  salt  and  sulphate  of  copper,  will  account 

*  The  writer  intends  to  make  the  construction  and  operation  of  these  mi)ls  (for  a 
description  of  which  he  is  indebted  to  the  kindness  of  Messrs.  John  Taylor  &  Sons) 
the  subject  of  a  separate  paper,  he  ^vill  therefore  pass  over  tlieir  description  here, 
though  of  very  great  interest,  without  further  comment. 
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for  this  action  in  some  cases ;  where  it  is  due  to  metallic  chlorides  a  little 
metallic  zinc  added  to  the  quicksilver  will  preserve  it ;  when  caused  by 
graphite,  which  has  been  used  to  coat  a  mercury  trough  for  instance,  the 
only  remedy  is  to  carefully  varnish  it  with  shellac. 

The  quantity  of  ore  treated  in  each  mill  varies  from  10  cwts.  to  1  ton 
per  2-1:  hours,  depending  on  the  proportion  of  pyrites  that  it  carries. 

The  report  of  the  Pestarena  company,  for  the  year  1888-89,  showed 
that  4,474-811  tons  of  wet  ore,  representing  4,345'448  dry  metric  tons,  or 
4,276"785  dry  English  tons,  were  milled  in  this  way,  at  Val  Toppa,  during 
the  12  months  ending  June,  1889,  with  20"5  mills,  working  309  days. 
The  results  showed  an  extraction  in  bullion  of  8  dwts.  23|  grains,  per 
English  ton  of  ore.  The  bullion  being  797-1  fine  in  gold,  and  197-8  fine 
in  silver.  The  fine  gold,  determined  in  the  crude  ore  by  assay,  amounted 
to  8  dwts.  20  grains,  per  English  ton,  of  which  7  dwts.  4  grains,  were 
extracted  by  the  mills,  equivalent  to  a  duty  of  81*1  per  cent.,  with  a  loss 
of  234  grammes  of  mercury  per  metric  ton  of  ore  treated. 

The  report  of  the  same  company  for  the  year  ending  1889-90  showed 
that  5,916*771  metric  tons  of  wet  ore,  representing  5,724*004  dry  metric 
tons,  or  5,033*560  dry  Enghsh  tons,  were  milled  at  Pestarena  (a  separate 
establishment)  during  the  12  months  ending  June,  1890,  with  25  9  mills, 
working  344  days.  The  results  showed  an  extraction  in  bullion  of  18 
dwts.  8  grains  per  English  ton  of  ore,  the  bullion  being  742-4  fine  in  gold, 
and  252-2  fine  in  silver.  The  fine  gold  determined  in  the  crude  ore  by 
assay,  amounted  to  17  dwts.  8^  grains  per  English  ton,  of  which  13  dwts. 
15j  grains  was  extracted  by  the  mills,  equivalent  to  a  duty  of  78-77  per 
cent.,  with  a  loss  of  230  grammes  of  mercury  per  metric  ton. 

Looking  at  these  results,  the  question  arises  as  to  how  far  the 
extraction  in  grinding  is  affected  by  the  fineness  of  the  metal  present 
entering  into  the  bulKon,  the  degree  of  concentration,  and  the  grade  of 
the  ore,  and  it  seems  to  lend  confirmation  to  a  point  observed  in  other 
cases,  that  a  low-grade  ore,  carrying  fine  metal  (gold  or  silver)  with  a 
large  percentage  of  gangue  or  sand  in  the  concentrates,  yielded  in  pro- 
portion a  higher  return  than  when  these  conditions  are  found  reversed. 

It  may  also  happen  that  the  loss  of  mercury  is  affected  by  the  duty 
of  the  mills.  The  agents,  Messrs.  John  Taylor  &  Sons,  in  then*  report 
on  the  Pestarena  mines,  for  the  year  1888,  stated  that  the  duty  or  per- 
.centage  extracted  of  the  assay  contents  of  gold  in  the  ore  had  increased, 
being  0*80  as  against  0*78  last  year ;  and  the  consumption  of  mercury 
had  increased  from  242  grammes  to  the  ton  during  last  year  to  310 
grammes  per  ton. 
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If  the  loss  of  mercury  were  due,  as  might  be  imagined,  to  the  extra 
baseness  of  the  ore,  one  would  expect  the  yield  to  fall  off,  whereas  the 
contrary  is  the  case.  The  \\Titer  is  inclined,  therefore,  to  thmk  that  it 
may  be  rather  attributed  to  extra  grinding  of  the  ore,  which  would  tend 
to  increase  both  the  yield  of  gold  and  loss  of  quicksilver.  Professor  Le 
Xeve  Foster  has  remarked  that  on  the  whole  more  gold  is  extracted  in 
these  works  in  winter,  when  the  water,  coming  from  the  mountains,  is 
comparatively  cold  and  clear,  than  when  it  is  turbid  and  wann  in  summer. 
In  July,  1887,  for  instance,  at  Yal  Toppa,  the  duty  of  the  mills  was  70'6 
per  cent.,  and  varied  from  September  to  December  from  91*7  to  88*5  per 
cent.  Though  it  does  not,  in  this  respect,  appear  to  foUow  an  invariable 
rale  in  different  years,  this  may  be  accounted  for  by  modifying  causes 
in  different  seasons,  character  of  the  ore  and  its  general  manipulation,  as  to 
amount  of  grinding,  etc.,  and  jDcrhaps,  as  Dr.  Foster  thinks,  the  tm'bidity 
of  the  water,  as  well  as  the  more  rapid  oxidation  of  the  pyrites  in  summer, 
may  partly  account  for  these  results. 

The  conclusion  he  draws  that  low  temperature  is  not  incompatible  with 
good  amalgamation  in  this  instance,  is  no  doubt  perfectly  true  as  well,  since 
a  certain  amount  of  heat  is  generated  by  the  mechanical  action  of  grinding;* 
but  of  course  this  statement  is  not  intended  to  apply  to  plate-amalgamation. 

In  Dakota,  for  example,  where  the  thermometer  sinks,  at  times,  to  40 
or  50  degs.  below  zero,  provision  is  always  made  for  heating  the  supply 
served  to  the  stamps  by  passing  the  waste-steam  of  the  engine  through  a 
steam-coU  in  the  supply-tanks,  and  there  is  generally  a  steam-drum  as 
weU,  running  in  front  of  the  apron-plates,  as  an  extra  precaution. 

Either  very  cold  or  warm  waterf  would  certainly  be  pernicious  in 
plate-amalgamation.  Speaking  of  the  writer's  own  experience  of  grinding 
raw  sulphurets  in  pans,  he  made  some  careful  experiments  in  1884,  treating 
a  quartzose  ore,  carrying  on  an  average  2^  per  cent,  of  pyrites,  which  was 
concentrated  on  end-bump  tables.  He  put  a  lot  (about  14  tons) 
through  iron  wheeler-pans,  subjecting  them  to  continuous  amalgamation 
for  8  hours  on  somewhat  the  same  plan  as  the  American  Boss  system  (so 
called  after  its  inventor  Mr.  H.  P.  Boss),  and  found  that  though  the  con- 
centrates originally  assayed  only  1  oz.  IG  dwts.  18  grains,  the  tailings  still 
contained  17  dwts.  12  grains  per  ton. 

*  Dr.  Foster  roughly  measured  the  increase  in  temperature  in  course  of  grinding 
in  a  Frankfort  mill  at  Pestarena,  and  found  that  an  average  rise  of  about  3°  Fahr. 
took  place,  but  on  the  mill-bed  itself  the  heat  must  have  been  much  greater. 

t  The-pan  amalgamation  of  silver  ores,  it  is  true,  is  facilitated  by  a  high  tem- 
perature (live  steam  being  often  introduced  to  v^arm  the  pulp),  but  the  conditions 
in  that  case  are  entirely  different. 
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In  the  Black  Hills,  it  has  long  been  the  fashion  to  treat  blanket 
concentrates  in  pans.  Dr.  Hofman  states*  that  when  panned  down  for 
experiment,  these  gave  20'o  per  cent,  cleaner  concentrates,  assaying  iO'lS 
dollars  per  ton,  but  when  amalgamated  in  a  wheeler-pan,  only  yielded 
56'9  per  cent,  of  their  gold  contents. 

In  Australia,  again,  the  witer  has  constantly  found  that  battery -pulp 
concentrated  on  percussion-tables  and  buddies,  up  to  60  and  75  per  cent,  of 
pyrites,  when  ground  in  berdan-pans,  only  yielded  50  to  60  per  cent,  of 
its  gold  in  the  first  grinding,  though  about  half  as  much  more  might  be 
extracted  by  a  repetition  of  the  process  at  much  extra  time  and  cost. 

The  Warden  in  his  official  report  on  the  Charters  Towers  gold-field 
for  1878,  page  14,  remarks  in  connexion  with  this  subject :  "  There  can  be 
no  doubt  that  in  many  instances  more  gold  escapefs  with  the  tailings  than 
is  in  the  first  instance  obtained  by  the  crushing  mills.  For  support  of 
this,  I  am  aware  of  several  hundred  tons  of  tailings  having  been  put 
through  the  stamper  boxes  as  a  trial,  and  the  result  obtained  was  15  dwts. 
to  the  ton.  If  such  a  yield  is  obtainable  in  such  a  manner,  I  may  well 
ask  the  question,  what  must  be  the  yield  of  tailings  when  properly  treated 
with  the  most  approved  gold-saving  appliances  ?  Practical  men  of  long 
experience  inform  me  that  tailingsf  on  this  field,  under  proper  treatment, 
will  yield  on  the  average  9  ozs.  5  dwts.  per  ton."  The  writer  does  not 
think  that  the  average  loss  of  gold  at  the  present  time  in  the  pan-tailings 
of  Charters  Towers  is  much  less,  however,  than  14  dwts.  to  the  ton. 

The  only  remedy  that  has  been  applied  to  any  large  extent  is  grinding 
and  re-grinding.  The  re-grinding  of  these  tailings  (after  the  miner  has 
relinquished  his  interest  in  them),  was  at  one  time  a  regular  recognized  busi- 
ness, and  is  doubtless  still  carried  on  to  some  extent  at  some  of  the  mills. 

This,  no  doubt,  accounts  for  no  small  portion  of  the  gold,  indirectly 
supposed,  if  not  alleged  to  be  stolen  by  the  miners  working  in  some  of 
the  mines,  or  by  the  mill  hands,  an  explanation  the  writer  does  not  for 
one  moment  believe,  though  it  may  certainly  be  a  convenient  red  herring 
to  draw  across  the  scent  to  divert  investigation  from  channels  it  might 
possibly  follow  with  more  advantage  to  the  general  mining  community 
and  the  industry  at  large. 

There  may  be  small  isolated  thefts  of  specimens,  but,  taken  as  a  body, 
the  writer  has  always  found  the  Queensland  miners  an  uncommonly 
honest  set  of  men,  and  it  is  quite  impossible  that  18,593  ozs.  to  15,169 

*  "Gold-milling  in  the  Black  Hills,"  by  H.  0.  Hofman,  Trans.  Am.  Inst.  3Iin. 
Eng.,  vol.  xvii.,  page  538. 

f  The  allusiou  here  is  evidently  to  paii-sludge  after  concentration  and  grinding. 
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ozs.  (the  excess  of  gold  purchased  by  the  banks  over  the  mill  returns  in 
1889  and  1891*)  could  have  been  illicitly  obtained  and  secretly  crushed. 

As  the  mills  do  not  publish  any  record  of  the  gold  got  from  the 
source  referred  to  (that  the  writer  is  aware  of),  there  is  no  check  on  the 
matter,  and  the  miner  who  has  an  interest  in  a  mine  or  claim  (and  there 
are  few  who  have  not)  may  more  probably  be  the  real  sufferer,t  whilst 
being  branded  actually  as  the  culprit. 

In  pan-amalgamation,  the  flowering  of  the  mercury  which  Mr.  Curtis 
has  alluded  to,  even  when  heavy  j)yiitic  concentrates  are  being  worked,  can 
generally  be  avoided  with  care,  by  selecting  a  suitable  class  of  pan,  grinding 
the  ore  to  sludge  before  adding  the  mercury,  and  raising  the  shoes  (if 
wheelers  are  used)  off  the  bottom,  during  amalgamation  (so  as  to  allow 
the  muller  merely  to  act  as  an  incorporator),  keeping  the  pulp  of  the 
proper  consistency  (neither  too  thick  nor  too  thin)  and  using  chemicals 
judiciously,  adapted  to  the  particular  conditions  that  obtain. 

If  the  pulp  gets  too  thick,  the  inevitable  loss  of  mercury  in  treating 
ore  in  berdans  is  likely  to  be  greatly  intensified ;  using  wheelers,  the 
charge  should  be  about  the  coasistency  of  cream,  and  to  avoid  loss,  the 
settler  must  be  properly  looked  after. 

A  consideration  of  the  MacArthur-Forrest  process,  also  forces  one  to 
consider  the  losses  of  the  precious  metals,  (more  particularly  gold  in 
solution),  that  may  occur  through  the  indiscriminate  use  of  chemicals,  such 
as  cyanide.  Other  re  agents  such  as  salt,  iron,  sulphate  of  copper, 
sal-ammoniac,  and  caustic  soda  and  potash,  are  used  by  different  mill- 
men,  in  certain  cases,  in  the  amalgamation  of  gold  and  silver  ores. 

Cyanide  keeps  the  mercury  quick  and  lively,  and  the  last-named 
reagents  neutralize  greasy  substances  introduced  into  the  pan,  for  which 
wood-ashes  are  also  employed.  Caustic  lime  is  sometimes  used  with 
roasted  ores  which  contain  a  great  deal  of  cupric  chloride,  to  reduce  it  to 
cuprous  chloride.  Sodium  amalgam  is  useful,  especially  for  ores  con- 
taining binoxide  of  manganese,  to  prevent  flowing,  which  that  metal, 
as  well  as  copper  and  lead,  are  more  especially  liable  to  occasion,  by 
debasing  the  amalgam. 

Blue-stone,  salt,  and  iron  assist  the  decomposition  of  certain  silver 
ores,  and  an  acid  solution  of  the  former  salt,  when  there  is  a  large 
proportion  of  clay  in  the  ores,  which  causes  it  to  ball-up  and  carry  off 
globules  of  mercury,  probably  acts  on  the  clay  like  alum,  tending  to 
promote  its  precipitation  and  prevent  loss.J 

*  Charters  Towers  Gold  Mines,  by  L.  W.  Marsland,  page  197. 

f  Vide  remarks  on  page  204. 

X  Tenth  Report,  Census  of  the  United  States,  18S0. 
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Dr.  Raymond  and  others  have  frec|uently  pointed  out  that  some  gold 
is  lost  in  sokition  in  ordinary  plate-amalgamation,  but  if  cyanide  is  the 
active  agent  in  attacking  gold  and  silver  which  it  is  represented  to  be,  it 
stands  to  reason  that  very  large  hitherto  unsuspected  losses  may  occur  in 
certain  instances,  especially  when  the  gold  is  naturally  in  a  fine  condition. 

We  do  not  know  how  large  these  losses  may  have  been  in  the  past, 
because  the  writer  ventures  to  say  that  there  is  no  mill  in  the  world  where 
amalgamation-tailings  are  regularly  tested  for  gold  in  solution,  but  if 
we  have  not  examined  the  question  hitherto,  it  is  one  that  deserves  to  be 
looked  into  in  the  future  where  cyanide  is  used  to  any  extent.  A  little 
red-oxide  of  mercury  dissolved  in  the  cyanide,  will  often  greatly  assist 
amalgamation,  and  for  the  recovery  of  the  dissolved  gold,  a  little  zinc 
amalgam  may  be  added  to  the  pan  towards  the  end  of  the  operation. 

Raw-grinding  is  still  the  favourite  process  in  North  Queensland,  and 
it  is  likely  to  remain  in  fashion  there  for  many  years,  for  good  reasons,  or 
otherwise,  although  it  has  been  proved  to  be  a  more  or  less  mistaken  idea. 

The  very  fact  that  it  pays  local  chlorination-works  to  purchase  and 
treat  the  pan-tailings  after  the  first  grinding,  shows  that  it  cannot  be 
otherwise  than  sheer  waste  of  money  with  some  of  the  Charters  Towers 
ores  to  incur  the  first  expense  of  grinding  at  all.  Amongst  the  reasons 
alluded  to  may  be  mentioned  : — 

1.  The  heavy  loss  of  capital  involved  in  making  a  radical  change 

in  a  field  where  all  the  mills  are  laid  out  specially  for  grinding, 
as  the  large  number  of  pans  which  are  now  running  would 
only  be  worth  the  value  of  old  iron  if  they  were  thrown  out ; 
affording  a  good  illustration  of  the  unportance  of  choosing 
the  proper  kind  of  plant  in  opening  up  a  new  district,  making 
due  provision  for  probable  changes  in  the  class  of  ore  likely  to 
be  met  with  in  depth. 

2.  The  fact  that  some  of  the  Queensland  ores  contain  considerable 

amounts  of  base  metal,  especially  lead,  and  these  can  be  treated 
at  some  profit  by  grinding-milling,  whilst  it  has  yet  to  be  deter- 
mined how  far  this  class  of  stone  can  be  otherwise  worked  to 
better  advantage;  smelting  being  out  of  the  question  at  present. 

3.  The  difficulty  of  overcoming  the  general  prejudice  on  a  gold- 

field  against  any  new  form  of  procedure. 

4.  The  fact  that  as  many  claims  are  worked  by  prospectors,  and  as 

many  of  the  mills  are  run  on  custom- work,  chlorination-works 
would  have  either  to  work  a  number  of  small  lots  separately, 
which  would  be  costly  and  impracticable,  or  else  buy  the  ore 
outright,  which  introduces  the  next  difficulty. 
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5.  That  the  miner,  with  a  wisdom  born  perhaps  of  experience,  likes 

to  follow  his  gold  and  look  after  it  himself  from  start  to  finish, 
and  would  not  be  convinced  that  selling  it  on  assay  the  advan- 
tage did  not  gra\itate  to  the  side  of  the  mill.  It  is  only  when 
he  has  followed  it  just  as  far  as  he  can,  and  scraped  every 
crevice  of  the  mill  himself  (to  see  that  there  is  not  one  atom 
of  amalgam  lost),  that  he  is  ready  to  let  the  tailings  go  out  of 
his  own  control  and  sight. 

6,  A  change  would  perhaps  temporarily  throw  a  small  number  of 

men,  accustomed  to  grinding-milling  out  of  employment,  and 
introduce  the  necessity  of  specially  skilled  superintendence,  so 
that  any  alteration  in  the  existing  regime  might  affect  local 
capital  and  local  management  in  these  respects,  and  as  the 
gold-fields  policy  of  Queensland,  when  controlled  by  local 
influences,  has  up  to  the  present  turned  apparently  on  the 
exclusion  of  everything  British  except  money,  the  change  is 
not  likely  to  come  yet  awhile. 

The  chief  sufferers,  of  com'se,  are  the  miners  themselves  (who  are 
mostly  shareholders  in  the  mines  but  not  in  the  mills,)  and  outside  capital 
introduced  into  the  district,  representing  at  present,  the  nominal  amount 
of  £1,737,268  out  of  a  total  of  £3,774,400,  invested  in  mines,  in  the 
colony  of  Queensland.  Both  the  miner  and  capitalist  are,  it  would 
therefore  seem,  paying  to  maintain  a  wasteful  system,  which  benefits 
comparatively  few  people,  by  which  the  country  loses  a  large  amount  of 
gold,  which  would  be  better  in  circulation  in  the  pockets  of  the  com- 
munity, than  in  the  river  bottoms. 

In  districts,  like  Charters  Towers,  no  doubt,  we  shall  ultimately  see 
most  of  the  mills  adopting  the  principle  of  simply  catching  all  the  free- 
gold  they  can  in  the  battery  and  on  plates,*  concentrating  thoroughly,  and 
disposing  of  the  pyrites  to  central  chlorination-works,  merely  utilizing 
the  pans  as  they  stand  for  treating  the  tailings  of  the  concentrators  after 
they  have  been  classified,  whilst  large  outside  mines,  which  have  ample 
stocks  of  pyrites,  will,  in  time,  put  up  chlorination-works  of  their  own 
with  advantage  ;  but  smaller  concerns  will  no  doubt  do  best  to  stick  to 
grinding  and  suffer  the  loss  for  the  time  being. 

Where  gold  ores  must  be  ground,  it  would  be  better,  in  the  writer's 
opinion,  to  grind  in  Frankfort  mills,  or  to  substitute  Chilian  mills  for 

A  few  pans  might,  of  course,  be  kept  for  occasional  use,  to  deal  with  ores  that 
could  be  advantageously  treated  by  grinding,  under  conditions  described. 
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berdans,  and  amalgamate  on  copper  plates  outside,  grade  the  pulp  in 
classifiers,  concentrate  on  efficient  tables,  and  treat  the  concentrates  by 
chlorination,  or  else  where  pans  are  employed  for  the  treatment  of  sulphides 
(concentrates),  to  grind  continuously  in  large-sized  wheelers,  with  wooden 
sides  (in  place  of  the  small  iron  ones  that  are  in  general  use),  and 
amalgamate  afterwards  with  the  mullers  raised ;  or  as  another  alternative, 
distribute  the  ground-up  pan-sludge  to  berdans,  discharging  into  large 
settlers  provided  with  proper  drags. 

The  wTiter's  reason  for  this  opinion  is  that  even  an  ordinary  wheeler* 
is  a  far  faster  grinder  than  a  berdan,  whilst  the  latter  machine  seems 
to  be  a  better  gold-amalgamator. 

The  writer  ventures,  however,  to  think  that  the  statement  that  grind- 
ing in  the  colonies  is  the  outcome  of  poor  concentration,  ought  to  be 
reversed,  and  for  this  reason,  that  a  certain  proportion  of  sand  must  be 
present  to  brighten  the  liberated  gold  and  lighten  the  charge. 

Another  special  point  to  observe  is  that  a  berdan  grinds  and  amalga- 
mates better,  and  naturally  wears  out  less,  if  the  drags  are  made  of  softer 
iron  than  the  pan  itself. 

Hardwood  drags  may  be  used  if  the  pan  is  intended  simply  as  a 
machine  to  amalgamate  and  collect  amalgam  in.  It  is  of  course  a  first 
essential  that  the  pan  should  be  speeded  right,  and  inclined  at  the"  proper 
angle  from  the  vertical,  depending  on  its  diameter.  The  gold  is 
amalgamated  by  the  pan  being  allowed  to  run  full  for  some  time  without 
overflow,  water  being  afterwards  turned  on  from  a  pipe  to  expel  the 
ground-up  sludge. 

Eight  berdans  are  about  an  ordinary  allowance  to  a  battery  of  five 
stamps  (which  crush  on  an  average  2  tons  per  head  per  day)  for 
dealing  with  the  concentrates  from  the  ordinary  run  of  Queensland  ore, 
carrying  2  to  6  per  cent,  of  pyrites,  though  this  allowance  is  often 
exceeded  for  re-grinding  and  treating  extra  heavy  ores. 

The  cost  of  32  berdans  (the  number  we  may  assume  on  this  basis 
that  would  be  required)  for  a  20  stamp  battery,  including  the  shed 
to  cover  them,  erected  in  running  order  at  Charters  Towers,  would  not  be 
far  short  of  £1,200  to  £1,300,  and  the  32  pans  would  have  a  working 
capacity  of  something  like  28  to  30  tons  of  sand  and  concentrates  weekly, 
allowing,  of  course,  for  variations  in  the  method  of  treatment,  degree  of 
concentration,  and  amount  of  re-grinding  to  be  done. 

*  The  writer  alludes  to  the  small  cast-iron  type  in  common  use,  not  the  wooden- 
sided  combination  pan  used  in  silver-milling-,  between  which  and  a  berdan,  in  the 
matter  of  grinding,  there  can  be  no  need  for  comparison. 
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The  cost  of  this  treatment  may  be  estimated  as  follows  : — 

Wages  per  month     ... 

Wood         „  

Mercury     „ 

Castings,  wear  of  belts,  etc.,'  per  month. 

Handling  sludge 

Oil  and  chemicals   ... 

Total  cost         £3     6  10 

or  equal  to  2s.  6d.  per  day. 

Assuming  that  each  pan  grinds  shout  3  cwts.  per  day  (dry  weight)  of 
60  per  cent,  concentrates,  it  is  equivalent  to  saying  that  one  pan  grinds 
201f  lbs.  of  clean  concentrates  per  day,  or  1  ton  of  pure  pyrites  in,  say, 
11  days,  at  an  actual  mill  cost  of  £1  7s.  6d.*  for  a  yield  of  50  to  65  per 
cent,  of  the  gold  which  the  concentrates  contain. 

Taking  the  cost  of  the  grinding  plant  (covered  in)  at  £1,200,  and 
reckoning  interest  on  the  spot  at  4  per  cent.,  we  must  add  to  the  above 
costs  £48  per  annum,  or  7^d.  to  8|d.  per  ton  of  concentrates  ground, 
equivalent  to  about  ll|d.  per  ton  of  pyrites,  making  a  total  grinding  cost 
of  £1  8s.  5|d.t  per  ton  of  clean  pyrites. 

Looked  at  in  another  light,  the  actual  working  cost  of  grinding  the 
Charters  Towers  concentrates  in  berdans  may  be  reckoned  at  2s.  per  crude 
ton,  added  to  the  ordinary  milling-costs,  in  a  20  stamp  battery  with  a  duty 
as  stated. 

The  Northern  Miner  of  February  14th,  1889,  gives  an  interesting 
account  of  a  trial  made  at  Charters  Towers  by  Mr.  Millet,  a  well-known 
•miner,  at  the  Mary  Louisa  mill,  on  an  unusually  heavy  pyritic  ore,  from 
the  1  and  2  West  Wellington  mine.  Eight  tons  were  crushed  as  an  experi- 
ment and  yielded  4  tons  4^  cwts.  of  concentrates,  2  tons  4^  cwts.  of  which 
were  taken  for  trial.  This  was  distributed  between  the  wheelers  and 
berdans  in  the  proportion  of  1  ton  2  cwts.  treated  in  the  former,  and 

1  ton  2^  cwts.  in  the  latter.    The  wheelers  gave  2  ozs.  3  dwts.,  the  berdans 

2  ozs.  6  dwts.  of  gold.  The  berdan  put  through  one  wet  ton  per  week, 
at  a  mill  charge  of  £2,  while  the  wheeler  put  through  5  to  6  tons,  at  a 
charge  of  £9,  or  about  the  rate  of  £1  12s.  9d.  per  ton,  leaving  a  margin 
on  charges  in  favour  of  the  wheelers  of  7s.  3d.  per  ton.  The  total  extrac- 
tion by  milling  and  grinding  J  was  31  ozs.  14  dwts.  from  the  8  tons 
of  stone  treated,  not  counting  the  gold  left   in  the  pan-sludge,  or  the 

*  These  figures  are,  of  course,  liable  to  fluctuate  somewhat  (up  as  well  as  down), 
depending  on  the  relative  percentage  of  sand,  sulphides  in  the  concentrates,  and 
the  actual  percentage  of  the  latter  in  the  crude  ore.        f  ^bid. 

i  Even  with  docile  ores  this  seldom  reaches  more  than  76  per  cent,  of  the  total 
gold  in  the  stone  at  Charters  Towers. 
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2  tons  of  concentrates  left  uugroiincl.  If  these  latter  had  been  ground  the 
yield  would  doubtless  have  been  increased  by  another  4  ozs.,  or  an 
equivalent  of  about  4^  ozs.  per  ton. 

As  over  55  per  cent  of  the  total  gold  was  got  by  amalgamation  in  the 
battery  it  would  be  extremely  interesting  to  know  what  the  pan  sludge 
contained  after  grinding. 

The  extraction,  it  will  be  noticed,  per  ton  of  concentrates,  was  2  ozs. 
0  dwt.  20  grains  with  the  berdan,  as  compared  with  1  oz.  19  dwts.  4  grains 
with  the  wheeler,  or  a  difference  of  If  dwts,  in  favour  of  the  berdan,  and 
valuing  this  gold  at  3s.  5d,  per  dwt.  it  really  represents  a  saving  of  5s. 
8d.  per  ton,  off-setting  the  smaller  mill  charge  employing  the  other  pans. 

Now,  if  we  assume  the  above  saving  to  be  fairly  representative  (as 
regards  the  two  methods  of  treatment),  estimating  the  cost  of  operating 
the  berdan  at  3s.  5d.  per  ton  in  excess  of  the  cost  of  the  wheeler 
(an  amount  seldom  exceeded  in  a  20  stamp  mill),  it  will  be  apparent 
that  the  advantage  to  the  mill  owner,  crashing  stone  of  his  own,  under 
existing  conditions,  would  rest  on  the  side  of  using  the  berdan,  as  he 
would  gain  the  difference  between  3s.  5d.  and  5s.  8d.,  netting  a  profit  of 
2s.  3d.  per  ton.  As  there  are  chlorination-works  already  established  at 
Charters  Towers  we  can  further  compare  the  cost  of  grinding  with  that 
of  chlorination  in  tliis  same  district. 

Mr.  Brown,  in  a  letter  published  in  Tlie  Northern  Miner,  October 
23rd,  1886,  gives  the  cost  of  vat-chlorination  as  carried  on  by  the  North 
Queensland  Pyrites  Co.,  at  the  Burdekin  works  (of  which  he  was 
formerly  manager),  as  follows  : — 

Cost  of  roasting  15  tons  of  ore  at  Charters  Towers  in  an  ordinary 
reverberatory  furnace  : — 

Labour,  6  men     ... 
Firewood  ... 

Water 

Salt  

Kerosene  ...         

Total  cost £28  11     0 

or  £1  18s.  Od.  per  ton. 

Cost  of  chemicals  and  labour  chloridiziug  26  tons  of  ore 


£     s. 

d. 

...  18  18 

0 

...     7  16 

0 

...     0  10 

0 

...     1     0 

0 

...     0     7 

0 

£    s. 

d. 

Management 

6     0 

0 

Labour,  2  men     ... 

6     0 

0 

Water       

1     0 

0 

Salt,  3  cwts.  at  6s. 

0  18 

0 

Manganese,  2\  cwts. 

at  5s.  6d 

0  13 

9 

Sulphuric  acid,  416  lbs.  at  5s.  6d. 

5     4 

0 

Sulphate  of  iron  ... 

1  10 

0 

Kerosene   ... 

.     0     5 

0 

Total  cost £21  10 

or  16s.  7d.  per  ton  ;  making  the  total  cost,  £2  14s.  7d.  per  ton. 
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The  capacity  of  the  furnace  represented  about  the  weekly  capacity  of 
the  works,  viz.,  15  tons,  and  in  the  period  ending  September  1st,  1886, 
they  paid  2s.  in  dividends*  upon  740  tons  of  ore  treated  ;  £450  additional 
was  invested  out  of  profit  in  new  plant,  whilst  the  total  capital  cost  of  the 
works,  up  to  the  date  in  question,  appears  to  have  amounted  to  only 
£2,830  5s.  The  returns  from  the  ore  (pan-sludge)  treated  was  l,-466  ozs. 
8  dwts.,  or  over  2  ozs.  per  ton.  Owing  to  the  success  this  trial  plant 
had  achieved  it  was  proposed  in  1886  to  quadruple  its  capacity  at  an  out- 
lay estimated  at  between  £4,000  and  £5,000  additional,  and  Mr.  Brown, 
in  the  letter  previously  alluded  to,  estimated  that  with  an  improved 
roasting-furnacef  the  time  was  not  far  distant  when  he  would  be  able  to 
treat  a  ton  of  ore  at  a  cost  of  £1,  working  on  a  larger  scale. 

Mr.  Brown  goes  on  to  say  :  "  This  field  is  exceptionally  favourable  for 
the  establishment  of  extensive  chlorination-works  owing  to  there  being  a 
large  percentage  of  float-gold,  which  is  unfavourable  for  amalgamation, 
but  is  easily  and  perfectly  extracted  with  chlorine.  The  time  is  close  at 
hand  when  chlorine  will  do  away  with  such  extreme  amalgamation  as  is 
now  in  practice,  as  the  gold  will  be  obtained  much  cheaper  with  that 
agent.  Concentration  is  a  matter  which  is  much  overlooked  at  present, 
and  there  is  a  large  percentage  of  fine  mundic  passing  off  with  the  quartz- 
sand  that  could  be  easily  saved  by  improved  machinery,  but  this  will  not 
receive  much  attention  until  there  is  a  demand  for  the  concentrates,  when 
it  will  be  looked  to.  The  large  heaps  of  quartz-tailings,  now  looked  upon 
as  worthless,  will  be  reduced  to  one-half  their  present  value,  and  will  pay 
handsomely  under  the  chlorine  process." 

Now,  if  we  assume  on  a  liberal  estimate  that  80  per  cent,  of  the  gold  in 
the  pyrites  can  be  extracted  by  a  double  grinding,  and  on  a  low  estimate 
85  to  95  per  cent,  by  chlorination,  we  find  that : — 

Per  Ton.  Per  Ton. 

The  cost  of  chlorination  per  ton  of  clean  con-  £   s.    d.         £     s.   d. 

centrates  (page  207)  amounts  to 2  14     7     to  1     0    0 

Add  to  this  interest   on  a  capital  outlay  of 

£2,800   to   £7,800   at   i    per   cent,   on  a 

capacity  of  740  and  2,960  tons  treated  per 

annum  0     3     OJ-  .,  0     2     U 


The  total  cost  of  chlorination  is  from    £2  17     T^-  ,,  1     2     IJ 

Now,  the  cost  of  grinding  per  ton  of  clean  concentrates  has  been  shown 
to  amount  to  £1  8s.  5M.     Therefore  doubling  this  smu  for  re-grinding, 

*  On  a  nominal  capital  of  £10,000,  representing  a  net  profit  of  £1,000  in  eleven 
months,  the  year  commencing  August  12th,  1885,  and  ending  September  1st,  1886, 
J  Which  would  reduce  the  cost  of  roasting  to  10s. 


i 
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the  cost  of  obtaining  80  per  cent,  of  the  gold  by  this  process,  under  the 
most  favourable  circumstances,  will  not  be  less  than  £2  16s.  lid.,  as  com- 
jmred  with  a  yield  of,  say,  90  per  cent,  (to  put  it  low)  at  a  cost  of 
£2  17s.  7.jd.,  under  the  most  adverse  conditions  of  chlorination. 

If,  in  fact,  we  assume  clean  concentrates  to  run  only  2  ozs.  to  the  ton, 
the  difference  merely  in  yield  at  the  average  price  of  Charters  Towers 
gold,  will  represent  a  money  value  of  13s.  8d.  saved  by  chlorination,  or 
a  net  gain  of  (13s.  8d.  —  8^d.  =  )  12s.  ll|d.  per  ton.  With  higher  grade 
concentrates,  and  the  costs  reduced  even  to  £1  10s.  (as  they  easily  ought 
to  be),  the  gain  with  chlorination  would  be  simply  enormous.  The 
question  whether  it  is  expedient  or  not  to  incur  large  gross  cost  in  treat- 
ment for  the  sake  of  close  extraction  depends,  in  fact,  not  only  on  the 
quantities  to  be  dealt  with,  but  likewise  on  the  grade  of  the  material 
treated,  it  is  evident  that  the  richer  this  is  the  more  important  it  becomes 
to  save  close. 

With  a  single  grinding,  the  results  are  scarcely  less  disadvantageous 
to  the  pan  process,  as  the  mine  owner  loses  the  difference  between  65  per 
cent,  and  90  per  cent,  of  the  gold  in  the  pyrites,  or,  say,  10  dwts.  per  ton 
(worth  £1  14s.  2d.),  dealing  with  2  ozs.  sulphide  ore. 

The  Charters  Towers  pyrites  works,  situated  at  Charters  Towers 
itself,  employ  the  vat  process  in  the  same  way  as  the  Burdekin  works. 
The  only  peculiarities  with  regard  to  them  are  that  they  manufacture 
their  own  sulphuric  acid  on  the  spot,  and  employ  a  unique  form  of  roast- 
ing-furnace — an  idea  which  originated  with  Mr.  D.  A.  Brown  (who  has 
been  already  alluded  to),  their  able  and  energetic  manager. 

Mr.  Brown  conceived  the  plan  of  building  his  furnace  on  the  side 
of  a  hill,  possessing  approximately  the  natural  slopes  requisite  for  the 
purpose  he  had  in  view,  viz.,  to  economize  labour  in  manipulation  and 
save  as  much  fuel  as  possible  (by  utilizing  the  combustion  of  the  sulphur 
in  the  ore,  for  roasting)  without  sacrificing  the  sweetness  of  the  roast. 

The  furnace  is  shaped  Uke  a  Fortschaufelung,  with  a  number  of  doors 
on  each  side  throughout  its  length. 

To  break  up  any  lumps  in  the  material  (pan-sludge)  to  be  roasted  as 
it  comes  to  the  charging-floor  it  is  first  passed  through  a  Carr  disintegra- 
tor, driven  by  a  pulley,  provided  with  a  coned  friction-clutch.  Below 
the  disintegrator  a  hopper  discharges  the  ore  into  three  vertical  circular 
openings,  at  the  head  of  the  hearth,  each  fitted  with  an  Archimedean 
screw,  driven  by  bevel-gearing.  The  speed  of  these  screws  regulates  the 
feed,  and  delivers  the  ore  into  channels,  which  nin  down  the  upper  part 
of  the  hearth. 
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Speaking  from  memory  (as  the  writer  has  mislaid  some  notes  he  made 
when  he  visited  the  works  in  1889),  the  hearth  is  about  600  feet  in 
length,  and  has  three  different  grades,  commencing  with  35  degs.  at  the 
head  of  the  furnace,  for  a  few  feet,  continued  on  for  some  20  feet  at  a 
grade  of  27  degs.,  and  for  the  remainder  of  its  length  sloping  at  18  degs. 
The  fireplace  and  wrinkle  (with  working-openings  on  each  side),  back-up, 
and  form  the  foot  of  the  furnace. 

Just  below  the  brickwork  of  the  hearth,  three  parallel  lines  of  6  inches 
fireproof  stoneware  pipes  are  laid  the  greater  part  of  its  length,  connected 
at  the  two  ends  by  bends,  so  that  the  artificial  draught  produced  by  a 
Roots  blower,  at  the  head  of  the  furnace,  circulates  backwards  and  for- 
wards three  times  through  the  pipe  till  it  is  finally  discharged  in  a  super- 
heated condition,  into  the  fireplace.  The  downpipe  of  the  blower  is 
provided  with  a  gate-valve  to  prevent  the  furnace  gases  being  drawn  back 
into  it  when  the  blower  stops. 

The  roof  of  the  furnace  is  very  low  and  flat,  but  presents  a  succession 
of  6  feet  to  8  feet  span  transverse  arches,  with  their  curtains  set  cross- 
ways  to  the  length  of  the  hearth  (which  is  about  as  wide  as  that  of  an 
ordinary  reverberatory  furnace)  to  throw  the  flame  down  on  to  the  ore. 

It  was  a  bold  project,  which  deserved  success,  though  at  first  sight  it 
would  appear  to  be  beset  with  many  practical  difficulties,  in  controlling 
the  ore  during  its  descent,  so  as  to  obtain  a  dead  sweet  roast  durmg  its 
gradual  passage,  from  the  top  to  the  bottom  of  the  furnace  ;  and  at  the 
same  time  to  avoid  large  losses  in  dust,  not  to  mention  difficulty,  from 
the  superheated  gases  entering  the  lead-chambers. 

Still,  from  the  fact  that  the  furnace  has  been  in  active  operation 
almost  continuously  from  the  time  it  was  properly  started,  these  objections 
would  seem  to  have  been  overcome.  Having  lost  sight  of  the  matter 
lately,  through  pressure  of  various  business  engagements,  the  ^vriter  is 
unable  to  say  what  measure  of  success  this  system  has  actually  achieved. 

In  making  a  preliminary  trial  of  the  furnace,  Mr.  Brown  stated  that 
he  was  able  to  roast  50  tons  a  week,  with  a  consumption  of  1  cord  of 
wood  to  10  tons  of  ore  roasted,  and  he  expected  to  increase  this  by  some 
alterations  that  were  in  contemplation  to  70  tons  weekly  without  any 
increase  in  fuel  burnt,  anticipating  that  1  cord  of  wood  would  be  suffi- 
cient to  dead  sweet  roast  15  tons  of  ore. 


{To  he  continued.) 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 

Held  in  the  "Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

April  8th,  1893. 


Sir  LowTHiAN  Bell,  Past-President,  in  the  Chair. 


The  Secretary  read  the  mhmtes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  of  March  25th, 
and  of  that  day. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

Members — 
Mr.  M.  W.  Barker,  Engineer,  P.O.  Box  1,463,  Johannesburg,  Transvaal 
Mr.  Henry  B.  Bunkell,  Engineer,  P.O.  Box  962,  Johannesburg,  Transvaal. 
Mr.   William   Young    Campbell,  Mining  Engineer,  etc.,  P.O.  Box   357, 

Johannesburg,  Transvaal. 
Mr.  William  Charlton,  Mining  Engineer,  Linares,  Provincia  de  Jaen,  Spain. 
Mr.    Sherard    Osbobn    Cowper-Coles,    Manager,    London   Metallurgical 

Company,  Limited,  80,  Turnmill  Street,  London,  E.C. 
Mr.  James  Hubert  Dangar,  Mining  Agent,  Camborne,  Cornwall. 
Mr.  J.  Hubert  Davies,  Electrical  Engineer,  P.O.   Box  455,  Johannesburg, 

Transvaal. 
Mr.  Alfred   Bum  at,   Mechanical  and  Railway  Engineer,   I,   Loop   Street, 

Pietermaritzburg,  Natal. 
Mr.  E.  W.  Evans.  Mining  Engineer,  P.O.  Box  357,  Johannesburg,  Transvaal. 
Mr.  Louis  Faragher,  Mine  Agent,  Cape  Copper  Co.,  Ld.,  Ookiep,  Namaqua- 

land.  South  Africa. 
Mr.  Albert  H.  Halder,  Consulting  Engineer,  Pietersburg,  Transvaal. 
Mr.  J.  Kerr  Houlgate,  Mining  Engineer,  69,  Lowther  Street,  Whitehaven. 
Mr.  John  Arthur  Jones,  Mining  Engineer  and  Analytical  Chemist,  Gijon, 

Asturias,  Spain. 
Mr.  John  O'Gorman  Lalor,  Mining  Engineer  and  Metallurgist,  P.O.  Box  357, 

Johannesburg,  Transvaal. 
Mr.   Henry    Lakin   Lawrence,   Mining    Engineer,   Mines   de    Pierrefitte, 

Pierrefitte-Nestalas,  Hautes  Pyrenees,  France. 
Mr.  Richard  A.  D.  Liebert,  Mechanical  Engineer,  P.O.  Box  357,  Johannes- 
burg, Transvaal. 
Mr.  Robert  H.  Longbotham,  Mining  Engineer,  Westgate,  Wakefield. 
Mr.   David   Alexander  Louis,   Metallurgical   and   Mining   Engineer,   77, 

Shirland  Gardens,  London,  W. 
Mr.  John  S.  MacArthur,  Metallurgist,  12,  Knowe  Terrace,   Pollokshields, 

Glasgow. 
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Mr.  John  Hodgson  Nicholson,  Mining  Engineer,  Seaton  Delaval  Colliery, 
Northumberland. 

Mr.  Francis  Daniel  Peter,  Mining  Engineer,  Greymouth,  New  Zealand. 

Mr.  John  Gunsen  Selkirk,  Mining  Engineer,  Dalton-in-Furuess. 

Mr.  A.  HuMBOLBT  Sexton,  Professor  of  Metallurgy,  Metallurgical  Depart- 
ment. Andersonian  Buildings,  204,  George  Street,  Glasgow. 

Mr.  Charles  Liddell  Simpson,  Mecbanical  Engineer,  Engine  Works,  Gros- 
veuor  Pioad,  Pimlico,  London. 

Mr.   Arthur   Jami^.s   Stevens,   Mechanical    Engineer,   Uskside   Ironworks, 
Newport,  Monmouthshire. 

Mr.  W.  Henwood  Trelease,  Chief  Agent  of  the  Pestarena  United  G.  M.  Co., 
Ld.,  Pestarena,  VaU'Auzasca,  Novara,  Italy. 
Associate — 

Mr.  Joseph  Thompson,  Overman,  38,  Church  Street,  Murton  Colliery. 


The  following  gentlemen  were  nominated  for  election  : — 
Members — 

Mr.  H.  M.  Becher,  Mining  Engineer,  9,  D'Almcida  Street,  Singapore. 

Mr.  J.  C.  S.  Beynon,  Civil  and  Mining  Engineer,  P.O.  Box  1,364,  Johannesburg, 
Transvaal. 

Mr.     George     Davey,    Mining     Engineer    and    Metallurgist,    Ferro-carril 
Michoacan  y  Pacifico,  Maravatio,  Mexico. 

Mr.  Stanley  H.  Ford,  Mine  Agent,  Stolzenfels,  Great  Namaqualand,  South 
Africa. 

Mr.  Thomas  Gilchrist,  Mining  Engineer,  Manor  House,  Penshaw. 

Mr.    George    Linday,    Colliery    IManager,   Blackett    Colliery,   Haltwhistle, 
Northumberland. 

Mr.  William  Ernest  Lishman,  M.A..  Viewer,  Bunker  Hill.  Fence  Houses. 

Mr.  J.  S.  Quirk,  Metallurgist,  St.  Helens  Lead-Smelting  Works,  St.  Helens, 
Lancashire. 

Mr.  F.  G.  Shaw,  Mining  Engineer,  London. 

Mr.  Edmund  Spargo,  Mining  Engineer,  3,  Cable  Street,  Liverpool. 

Mr.    Charles   Robert   Western,   Engineer,  Broadway    Chambers,   West- 
minster, London,  S.W. 

Mr.  Joseph  Henry  Woolcock,  Civil  and   Mining  Engineer,  49,  Lowther 
Street,  Whitehaven. 

Associate  Members — 

Mr.    G.  A.    Ferguson,   Editor    of   the    Minimi   Juvnuih   18,   Finch   Lane, 
London,  E.C. 

Mr.  Henry  M.  James,  General  Manager,  Colliery  Office,  Whitehaven. 

Mr.   Harry    Page    Woodward,    Government    Geologist,    Perth,    Western 
Australia. 

Associates — 

Mr.  James  Bainbridge,  Under  Manager,  North  Walbottle  Colliery,  Newcastle- 
upon-Tyne. 

Mr.  Robert  Emerson,  Engineer,  Tudhoe  Colliery,  Spennymoor. 

Mr.  Alexander  A.  James,  Under  Manager,  Croxdale,  near  Durham. 

Mr.  John  W.  Thompson,  Colliery  Surveyor,  Backworth  Colliery,  Newcastle- 
upon-Tyne. 
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AWARDS  FOR  PAPERS. 

The  Secretaky  read  the  following  lists  of  papers  for  which  prizes  had 
been  awarded  to  the  authors  : — 


YEAR  1890-91  (Conclusion).* 

Name. 

Title  of  Paper. 

M.  Walton  Brown 

Experiments  with  Explosives  used  in  Mines. 

M.  Walton  Brown 

The  Waddle  Patent  (1890)  Fan. 

W.  Cochrane         

On  a  Duplex  Arrangement  of  Centrifugal  Ventilating 

Machines. 

J.  Kenneth  Guthrie 

Pumping  Appliances  at  Eltringham  Colliery. 

A.  L.  Steavenson  ... 

Notes   on  the  Present  Position   of   the   Question   of 

Transmission  of  Power. 

YEAR  1891-92, 

P.     Phillips    Bedson    and 

W.  McConnell 

Notes  on  the  Gases  enclosed  in  Coal  and  Coal-dust. 

D.  Selby  Bigge     

The   Practical   Transmission  of   Power  by  Means  of 

Electricity  and  its  Application  to  Mining  Operations. 

M.  Walton  Brown 

The  Rateau  Ventilator. 

L.  W.  Chicken      

Experiments  with  Explosives. 

W.  Garnett            

The  Electric  Transmission  of  Power  and  its  Analogies 

in  Hydraulics. 

E.  Halse 

Notes   on   the   Occurrence   of   Manganese  Ore    near 

Mulege,  Baja  California,  Mexico. 

E.  Halse 

Notes  on  the  Occurrence  of  Manganese  Ore  near  the 

Arenigs,  Merionethshire. 

H.  D.  Hoskold      

Notes   upon  the  Mines   in  the  Argentine   Republic, 

South  America. 

J.  D.  Kendall        

The  Iron  Ores  of  Spain. 

1  J.  M.  Liddell        

The  Witwatersrandt  Gold-field. 

W.  J.  Orsman       

Notes  on  the  Products  and  Temperature  of  Detonation 

of  some  High  Explosives. 

W.  J.  Orsman       

The  Detonation  of  High  Explosives  hj  Percussion. 

H.  Palmer 

Notes   on   an    Electric    Transmission    Plant   at    East 

Howie  Colliery. 

J.  L.  Shaw 

The  Hffimatite  Ores  of  Cumberland. 

T.  H.  M.  Stratton 

An  Enquiry  into  the  Cause  of  the  two  Seaham  Explo- 

sions, 1871  and  1880,  and  the   Pochin   Explosion, 

1884. 

R.  T.  Swallow      

Description  of  a  Method  of  Removing  Deposits  from 

the  inside  of  Rising  Main  Pipes  in  Shafts. 

'  See  also  Trans.  Fed.  Inst.,  vol.  ii.,  page  472. 
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DISCUSSION  UPOX  MR.  JAMES  LESLIE  SHAW'S  PAPER  ON 
"THE  HAEMATITE  ORES  OF  CUMBERLAND."* 

Mr.  J.  D.  Kexdall  wrote  that  as  Mr.  Shaw  had  tacitly  refused  to  abide 
by  the  decision  of  a  third  party  iu  the  matters  of  fact  in  difference  between 
himself  and  the  writer,  there  was,  of  course,  an  end  to  argument  based 
on  premises  involving  these  disputed  facts.     There  was  still  something  to 
be  noticed  in  Mr.  Shaw's  latest  reply.j     It  was  most  difficult  to  make  out 
with  anything  Like  certainty  what  Mr.  Shaw  wished  members  to  under- 
stand from  this  contribution  to  the  discussion.     One  thing,  however, 
seemed  fairly  clear,  i.e.,  that  he  had  completely  abandoned  the  cavern 
explanation  with  which  he  set  out.      When  endeavouring  to  account 
for  the  shale  partings  in  the  ore,  he  said  J   "the  wearing  action  on  the 
limestone,  and  the  deposition  of  iron  may  have  gone  on  simultaneously 
.     .     .     .     so  that  wliile  the  limestone  was  being  softened  and  worn 
by  acidulated  water     ....     at  the  same  time  and  from  the  same 
water  iron  was  being  deposited."     Again,  he  said,§  "  the  two  processes  of 
wasting  and  deposition  may  have  gone  on  simultaneously  in  all  cases." 
Unless  we  are  prepared  to  give  up  the  accepted  meaning  of  the  word 
"cavern,"  it  surely  never  can  be  said  that  this  is  a  description  of  a 
cavernous    deposition.      It,   to    all   intents    and    pui-poses,   describes   a 
replacement,  but  whether  chemical  or  physical,  it  was  impossible  to  make 
out,  as  Mr.  Shaw  had  not  yet  thought  it  worth  while  to  enlighten  us  as  to 
the  particular  mode  in  which  he  conceived  the  ore  to  have  been  deposited, 
notwithstanding  the  writer's  repeated  requests  that  he  would  do  so.     Once 
again,  will  Mr.  Shaw  tell  us  in  what  chemical  or  physical  form  the  iron 
was,  that  he  supposed  to  have  beeu  deposited  from  the  acidulated  water, 
and  how  it  was,  in  the  first  instance,  separated  from  the  enormous  amount 
of  siliceous  and  argillaceous  matter  with  which  he  assumed  it  to  have  once 
been  associated  ?     As  an  excuse  for  not  referring  in  his  original  paper  to 
interbedded  shales,  Mi\  Shaw  said  ||  that  he  "  had  never  seen  the  necessity 
of  bringing  in  shale-beds  to  support  his  opinion  on  the  formation  of 
haematite,  and  he  did  not  therefore  think  it  necessary  to  ask  Mi'.  Kendall 
where  the  shale-beds     ....     were  to  be  seen."     Sm-ely  this  state- 
ment, if  meant,  showed  that  Mr.  Shaw  lacked  true  scientific  method. 
Writers  in  search  of   truth — and  not  merely  anxious  to  bolster  up  a 
preconceived  opinion — put  forward  all  the  facts,  and  not  simply  those 
that  accord  \vith  their  hyi^otheses.     If  Mr.  Shaw  knew  anything  of  the 

*  Tram.  Fed.  In-it.,  vol.  iii.,  page  580.  f  Ibid.,  vol.  iv.,  page  147. 
X  Ibid.,  page  U7.    §  Ibid.,  page  li9.    ||  Ibid.,  page  148. 
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literature  of  haematite  he  must  liave  known  that  shale-beds  were  looked 
upon  (by  some  writers  at  any  rate)  as  an  nuansweraljle  argument  against 
the  cavernous  explanation  of  hasmatite  deposition,  and,  seeing  that  he 
adopted  the  cavernous  explanation  in  his  paper,  he  was  morally' and 
scientifically  bound  to  notice  the  shale-beds  and  reconcile  their  existence 
with  his  theories.  Why  Mr,  Shaw  should  refer  to  the  Mammoth  Cave  of 
Kentucky  was  inconceivable,  seeing  that  in  his  latest  reply  he  avoided  the 
necessity  for  caverns ;  but  it  might  increase  his  confidence  in  his  new 
position  to  be  told  that  the  span  of  the  largest  cliamber  in  the  Kentucky 
cave  was  not  one-third  of  that  of  the  Gillfoot  Park  deposit  adjoining 
the  cemetery.  N'ot\vithstanding  that  fact,  its  floor  was  covered  with 
enormous  blocks,  which  had  fallen  from  the  roof ;  whereas,  there  was  not 
a  jDarticle  of  evidence  that  any  stone  had  fallen  from  the  roof  of  the 
Gillfoot  Park  deposit.  Mr.  Shaw,  it  appears,  now*  assumed  that  the 
writer  had  no  previous  acquaintance  with  the  Gillfoot  Park  deposit, 
because  the  section  accompanying  his  (the  writer's)  first  remarks  upon 
Mr.  Shaw's  paper  was  not  drawn  to  scale.  If  Mr.  Shaw's  other  conclusions 
were  based  on  premises  so  slender,  it  was  not  surprising  that  they  were 
lacking  in  accuracy.  When  the  writer  sketched  the  section  referred  to,  it 
would  have  been  quite  possible  for  him  to  have  drawn  that  section  to 
scale.  It  was,  however,  unnecessary,  as  the  section  was  simply  intended 
to  illustrate  the  parallelism  of  the  bedding-planes  in  the  limestone  and 
shale  to  the  ore-bed.  The  expression  "growing  together"  was  still 
objected  to  by  Mr.  Shaw,  but  he  did  not  suggest  a  better  one,  nor  show- 
how  its  employment  might  lead  to  misconceptions.  It  was  an  expression 
in  common  use  among  miners,  and,  in  the  writer's  opinion,  one  that 
expressed  the  fact  tersely.  Mr.  Shaw's  reference  to  the  formation  of 
flints  in  explanation  of  his  phrase  "  affinity  of  particles  "  reminded  one 
of  attempts  that  were  sometimes  made,  in  another  region  of  thought,  to 
explain  phenomena  by  assumptions — the  assumption  being  as  difficult  to 
understand  as  the  phenomena  themselves.  If  "affinity  of  particles" 
meant  the  same  as  the  "mechanical  attraction  of  particles,"  what  did 
the  latter  mean,  and  how  did  it  operate  in  the  formation  of  iron  ore .'' 
The  Chairaian  then  declared  the  discussion  closed. 


Mr.  A.  L.  Steavenson  read  the  following  paper  by  Mr.  Edward 
S.  Wight,  on  "  Queensland  Coal-mining ;  and  the  Method  Adopted  to 
Overcome  an  Underground  Fire"  : — 

*  Trans.  Fed.  Inst.,  vol.  iv.,  page  148. 
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QUEENSLAND  COAL-MINING ;  AND  THE  METHOD  ADOPTED 
TO  OVERCOME  AN  UNDERGROUND  FIRE. 


By  EDWARD  S.  WIGHT. 


This  paper  is  written  with  the  object  of  giving  some  little  idea  of  coal- 
mining in  Queensland,  and  the  trouble  experienced  from  underground 
fires.  The  writer  trusts  it  may  prove  instructive  to  some  of  the  members, 
and  that  a  more  graphic  account  may  be  presented  at  some  future  time. 

The  coal-seams  He  in  the  Permo-Carboniferous  formation,  and  are  both 
numerous  and  thick,  covering  a  large  area  around  Bundamba  and  Ipswich. 
Coal  has  also  been  found  in  various  other  parts  of  the  colony,  including 
Jimbour,  Townsville,  Cooktown,  and  Nosa,  but  this  paper  will  be  con- 
fined to  the  Ipswich  coal-field,  as  the  writer  has  not  visited  any  of  the 
others  ;  it  excludes  also  the  Bumim  coal-field,  near  Maryborough,  where  a 
large  quantity  of  coal  is  raised,  and  where  the  systems  of  working  are 
much  the  same. 

The  most  successful  mines  are  o^vned  by  private  individuals,  who  either 
own  the  land  or  have  leased  the  coal  at  a  royalty  of  about  6d.  per  ton. 
The  owners  or  lessees  manage  their  own  mines  and  perform  part  of  the 
manual  labour  besides,  as  the  price  obtained  for  the  coal  will  not  pay  the 
high  salaries  for  manager,  secretary,  shipping  agent,  office  rents,  and 
directors'  fees  necessitated  by  properly  fomied  companies  ;  to  make  a 
profit,  all  must  lie  workers. 

The  principal  collieries  on  the  south  side  of  the  Bremer  river,  which 
divides  Ipswich,  are  the  New  Chum,  Lewis  Thomas,  Stafford  Bros.,  and 
West  ^Moreton.  The  shaft  at  West  More  ton  colliery,  the  deepest  in  the 
colony,  is  640  feet  deep:  it  is  of  oblong  shape,  15  feet  by  6^  feet,  divided 
by  a  wooden  brattice,  8  feet  heing  used  as  a  winding  and  a  downcast  shaft, 
the  remainder  being  used  as  an  upcast  shaft.  The  winding  engine  has 
two  direct-acting  cylinders  22  inches  in  diameter,  with  two  drums  11  feet 
in  diameter,  one  of  which  is  fitted  with  clutch  gear.  The  pulleys,  11  feet 
in  diameter,  are  set  on  a  substantial  and  well-designed  hardwood  framing. 
The  cages  are  two-decked,  and  carry  two  7  cwt.  tubs  on  each  deck.  This 
is  the  best  winding-plant  in  the  colony.  The  seam  worked  is  19  feet  in 
thickness,  dipping  westward  at  the  rate  of  1  in  3  ;  only  7  feet  of  this  seam 


QUEENSLAND   COAL-MINING.  217 

is  at  present  worked,  containing  one  stone  band  8  inches  thick  ;  5  feet, 
however,  above  this  is  workable  coal  if  only  proper  means  of  cleaning  it 
were  erected,  such  as  the  belt  screens  lately  described  in  the  Transactions 
of  this  Institute.  The  coal  contains  about  7  per  cent,  of  ash,  and  burns 
freely  and  well  for  both  steam  and  household  purposes.  The  coal  is  seldom 
screened,  the  system  adopted  being  that  of  riddling  underground,  and 
leaving  the  slack  in  the  mine,  as  there  is  no  market  for  the  whole  of  it. 
The  price  paid  to  the  miner  is  3s.  4d.  per  ton,  which  prevails  all  over  the 
district ;  for  this  wage  the  miner  gets  and  riddles  the  coal,  sets  his  own 
timber,  lays  the  road  and  wheels  the  coals,  sometimes  a  distance  of  300 
yards.  The  miners  thereby  earn  9s.  to  lis.  per  day  of  9  houi's,  while  the 
rate  paid  for  taking  a  miner  off  the  coal  to  datal  work  is  8s.  per  day  ; 
other  wages  are  about  7s.  per  day  ;  mechanics,  8s.  to  9s.  per  day  ;  and 
boys,  3s.  to  6s.,  according  to  size. 

The  prevailing  method  of  working  is  bord-and-pillar,  leaving  small 
pillars  to  crush,  with  no  intention  of  taking  them  out.  But  some  of  the 
mines,  with  the  seam  at  a  less  inclination,  leave  larger  pillars  which  may  be 
worked  when  coming  back.  In  place  of  brattice,  the  miners  form  an 
intake  and  return  airway  l)y  gob,  composed  of  the  slack  left  in  the  mine 
and  kept  up  at  the  roadside  by  slabbing  and  props. 

The  slack  is  liable  to  spontaneous  combustion,  and  the  gobs  should 
either  be  levelled  over  after  the  bords  are  done,  or  each  district  securely 
sealed  up ;  the  latter  plan  is  probably  the  better,  as  it  enables  air-cm-rents 
to  be  shortened. 

An  attempt  was  made  by  Mr.  Lewis  Thomas  to  utilize  the  slack 
in  the  manufacture  of  fuel  briquettes ;  he  erected  a  plant  and  made  a 
few  hundred  tons  of  fuel,  but  owing  to  the  high  cost  of  pitch  the  system 
was  abandoned. 

No  attempt  has  been  made  to  produce  different  sizes  of  coal ;  the  two 
varieties  being  simply  riddled  coal  (a  |  inch  riddle  being  generally  used) 
and  slack. 

The  largest  output  from  any  one  mine  is  500  tons  per  day,  but  this 
has  not  been  obtained  from  one  shaft.  There  are  numerous  small  mines 
opened  by  working  men,  who  are  afforded  a  splendid  opportunity  of  com- 
mencing for  themselves  in  this  way  by  the  Government  providing  all 
rolling  stock  ;  and  in  fact  nearly  all  the  mines  have  been  thus  opened  out 
by  working  men. 

The  working  of  the  mines  is  controlled  by  an  Act  of  the  Queensland 
Parliament,  which  came  into  force  at  the  beginning  of  1890,  the  prin- 
cipal  clauses  being  : — Formation  of  two  means  of  outlet ;   the  use  of 
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detaching  hooks ;  the  formation  of  special  rales ;  moreover,  engiuemen 
must  now  be  certificated,  and  are  not  allowed  to  work  more  than  eight 
hours  (in  this  respect  it  is  a  step  in  advance  of  the  English  Mines  Act, 
and  a  step  too  far  when  there  is  no  compulsion  with  respect  to  the 
management). 

The  coal  on  the  south  side  of  the  Bremer  river  is  non-coking,  but  on 
the  north  side  another  series  of  seams  occur  from  which  a  very  good  coke 
is  made  and  finds  a  ready  market.  Like  those  on  the  south  side,  the 
mines  have  all  been  opened  without  cajiital,  and  their  development  depends 
entirely  on  profit.  The  wi'iter  believes  that  a  proper  system  of  crushing, 
sizing,  and  washing  of  the  coal  would  result  in  its  yielding  a  coke  which 
would  drive  the  English  article  out  of  Australia.  Very  few  of  the  north- 
side  mines  are  connected  with  the  railway,  and  depend  entirely  on  river 
transit. 

The  produce  is  taken  down  the  river  in  punts  cariying  100  tons  to 
1.50  tons.  The  river  transit  is,  moreover,  much  cheaper  than  rail  transit, 
the  cost  of  the  former  being  about  2s.  6d.  per  ton  to  put  the  coal  on  ship- 
board, whereas  the  cost  to  the  south  side  mines  is  as  follows  : — Average 
railway  freight.  Is.  6d.;  wharfage,  i.e.,  putting  the  coal  from  truck  into 
punts  at  Brisbane,  7d.  per  ton  ;  puntage  and  putting  the  coal  on  ship- 
board, 2s.  per  ton ;  total,  4s.  Id.  per  ton. 

The  selling  price  ranges  from  10s.  to  lis.  per  ton  for  shipping.  The 
inland  trade  is  the  most  profitable  when  there  is  no  puntage  to  pay.  The 
reason  of  the  puntage  is  that  there  is  no  export  trade,  the  market  being 
the  bunkering  of  the  coasting  steamers,  which  usually  stay  only  a  few 
hours  and  take  in  coal  wliile  discharging  cargo. 

The  mines  are  worked  exclusively  with  naked  lights,  carburetted 
hydrogen  being  unknown.  The  only  gas  met  with  is  carbonic  acid  and 
that  in  small  quantities,  which  a  good  air-current  easily  removes. 
Furnace  ventilation  is  universally  adopted.  The  natural  heat  of  the 
mines  is  great  (the  Aviiter  had  not,  it  is  true,  any  means  of  properly 
testing  it),  and  the  mine,  3  or  4  yards  from  the  main  air-current,  how- 
ever good  this  may  be,  is  unbearably  hot. 

Mining  accidents  are  not  numerous.  At  "West  Moreton  coUieiy,  already 
referred  to  as  the  deepest  in  the  colony,  which  has  been  working  for  three 
years,  there  has  not  yet  been  a  fatal  nor  even  a  serious  accident. 

Underground  Fire  at  "West  Moreton  Colliery. 
Fire  had  broken  out  underground  before  the  writer  took  charge  of 
this  colliery,  caused  by  the  spontaneous  combustion  of  the  small  coal ;  it 
was  awkwardly  situated,  as  it  closed  the  best  district,  reducing  the  output 
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by  100  tons  per  day,  and  also  rendered  useless  the  second  means  of  exit 
obtained  by  holing  to  the  adjoining  colliery.  The  fire  was  confined  to 
one  roadway,  40  feet  above  the  level  of  the  shaft,  and  the  indiscreet  way 
in  which  the  workings  had  been  driven,  and  the  absence  of  a  correct 
plan,  rendered  the  matter  of  dealing  with  it  one  of  difficulty.  The  means 
adopted  were  to  take  water  from  the  surface,  obtained  from  a  cistern  into 
which  the  mine  water  drawn  by  the  cages  was  discharged ;  2  inches  pipes 
were  taken  underground  to  the  scene  of  the  fire,  which  could  only  be 
approached  from  the  return  side ;  a  brattice  was  run  up  to  convey  air 
enough  to  enable  the  men  to  work,  and  the  water  was  discharged  through 
a  nozzle  on  to  the  burning  mass,  which,  as  it  cooled  sufficiently,  was  filled 
away  in  skips  and  sent  to  the  surface.  Good  progress  was  made  in  this 
way,  and  no  doubt  the  fire  would  have  been  eventually  subdued  had  not 
the  heat  and  smoke,  with  the  little  fresh  air  which  had  to  be  supplied  to 
the  men  at  work,  ignited  the  coal  in  another  place  in  the  return  airway. 

At  this  stage  it  was  decided  to  seal  up  the  district ;  in  the  absence  of 
a  plan  of  the  workings,  and,  being  a  stranger  in  the  pit,  the  writer  was 
entirely  dependent  on  the  overman,  who  was  the  walking  plan,  to  decide 
where  the  stoppings  would  have  to  be  placed  to  exclude  all  air  from  the 
district,  i^fter  investigation  it  was  found  that  seven  stoppings  would  be 
required,  four  in  narrow  places  and  three  in  wide  bords  ;  the  same  day 
the  air  was  shut  off  by  temporary  stoppings  of  small  coal  in  the  wide 
bords  and  plastered  wood  stoppings  in  the  narrow  places.  The  presence  of 
large  volumes  of  black-damp  rendered  the  work  difficult,  but  all  was  made 
ready  for  the  permanent  stoppings  of  9  inches  brickwork  and  the  erection 
was  hastened  as  much  as  possible.  No  great  difficulty  was  experienced  until 
the  building  of  the  last  stopping,  which  was  15  yards  long,  all  the  material 
for  which  had  to  be  hauled  100  yards  by  a  windlass  up  a  gradient  of  1 
in  3.  At  this  point  large  (juantities  of  black-damp  began  to  percolate 
through  the  temporary  stopping,  and  all  available  air  had  to  be  conducted 
to  the  face  of  the  work  to  enable  the  men  to  work  even  for  short  periods. 
It  was,  however,  successfully  completed,  and  after  the  mortar  had  dried 
and  the  brickwork  was  re-pointed,  not  a  particle  of  black-damp  could  be 
detected. 

It  was  the  writer's  intention,  after  a  lapse  of  tw^elve  months,  to 
endeavour  to  drain  off  the  black-damp  and  re-enter  the  district,  but  the 
financial  condition  of  the  company  prevented  him  from  being  there 
to  carry  out  the  operation.  The  wi'iter  knows  that  the  stoppings  held 
good  and  that  no  further  trouble  was  experienced  from  the  underground 
fire. 
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Sir  LowTHiAN  Bell,  having  to  leave  at  this  stage,  Mr.  W.  Cochrane 
took  the  chair,  aud  invited  discussion  on  the  paper. 

Mr.  T.  E.  FoRSTER  said  he  was  perhaps  the  only  person  in  the  room 
who  had  been  down  a  colliery  in  Queensland,  and  his  experience  did  not 
include  the  Ipswich  coal-field  described  in  the  paper,  the  one  he  had 
visited  being  that  of  the  Burrum  river.  He  would  reserve  any  remarks 
he  might  have  to  offer  until  he  had  an  opportunity  of  reading  the  paper 
carefully. 

The  discussion  was  then  adjourned,  and  a  vote  of  thanks  was  accorded 
to  the  writer  of  the  paper. 


Mr.  E.  A.  S.  Redmayne  read  the  following  paper  on  "  The  Geology 
and  Coal-deposits  of  Natal"  : — 
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THE  GEOLOGY  AND  COAL-DEPOSITS  OF  NATAL. 


By  R.  a.  S.  REDMAYNE. 


Introduction. 

After  a  residence  of  about  nineteen  months  in  this  interesting  colony, 
during  which  period  the  author  prospected  several  properties  and  traversed 
the  greater  part  of  Natal  from  south  to  north  and  east  to  west,  he  ven- 
tures to  record  the  results  arrived  at  and  opinions  formed  regarding  its 
geology  during  his  stay.  He  also  desires  to  express  his  appreciation  of 
the  courtesy  of  his  late  directors  in  permitting  him  to  read  this  paper, 
and  to  acknowledge  his  indebtedness  to  his  friends,  Dr.  Sutherland,  the 
ex-Surveyor-General  of  Natal ;  Captain  G.  Nicholls,  R.E.,  Her  Majesty's 
Commissioner  of  Mines  in  Natal ;  and  to  Mr.  Dumat  of  Pietermaritzburg, 
for  much  information  kindly  afforded. 

Physical  Features. 

From  the  Drakensberg  range  the  land  descends  by  steep  terraces  and 
gentle  slopes  to  the  sea-level.  Natal,  in  fact,  may  be  regarded  as  com- 
prising three  distinct  plateaus,  and  as  having  corresponding  variations  of 
climate  and  production.  These  are  :  (1)  the  low-lying  riviera  extending 
inland  for  15  to  20  miles,  which  is  semi-tropical,  producing  tea,  sugar,  a 
httle  coffee,  bananas,  etc. ;  (2)  the  midlands,  which  are  cold  in  winter, 
(Pietermaritzburg  being  regarded  as  the  representative  town) :  here 
oranges  and  vines  flourish  ;  and  (3)  the  ujjlands,  forming  the  chief 
grazing-grounds  for  sheep,  cattle,  and  horses.  This  country  is  nearly 
destitute  of  trees,  and  is  known  as  the  "  winter  veldt,"  for  the  Boers  bring 
their  sheep  and  goats  down  in  winter  from  the  high  veldt  of  the  Free 
State  to  graze  them  in  this,  the  warmer  country.  Ladysmith  and  New- 
castle are  the  chief  towns  of  the  upland  district. 

The  colony  is  divided  into  nine  counties  (Fig.  1,  Plate  XXII.),  four 
of  which,  Victoria,  Durban,  Alexandra,  and  Alfi'ed,  are  on  the  coast.  The 
country  is  full  of  valleys  and  hills,  and,  although  there  are  numerous  water- 
courses, many  of  which,  it  is  true,  contain  very  little  water  in  the  dry 
or  winter  season,  there  is  no  navigable  river. 
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The  peculiar  flat-topi^ed  or  table-like  mountain  is  a  very  characteristic 
feature  of  the  Drakensberg  range,  and  is  due  to  the  doleritic  outflows 
which  cap  the  mountains  and  preserve  them  from  denudation.  Many 
of  the  perpendicular  precipices,  or  "  krautzes  "  are  of  the  same  fonnation. 

Geological  Sketch. 
So  far  as  the  writer  is  aware,  no  general  geological  map  of  Natal  has 
been  constructed,  nor  has  any  geological  memoir  been  compiled — if  we 
except  that  brief,  though  admirable,  little  pamphlet  read  by  Dr.  P.  C. 
Sutherland,  the  ex-Surveyor-General  of  the  colony,  before  the  Natural 
Histoiy  Association  of  Natal  in  June,  1868. 

Alluvial  Deposits. 

Commencing  with  the  most  recent  formation,  viz.,  the  alluvial, 
there  is  in  the  j)romontory  knoivn  as  the  Bluff,  at  Durban,  on  which  the 
lighthouse  stands,  a  raised  sea-beach,  which  is  300  feet  above  sea-level. 
It  consists  entirely  of  sand  and  broken  shells.  The  writer  has  been 
informed  that  many  parts  of  the  coast  are  of  similar  character.  There 
can  be  no  doubt  that  the  area  next  the  coast  (shown  in  the  section,  Fig.  2, 
Plate  XXIIL,  kindly  given  to  the  writer  by  Dr.  Sutherland)  has  been 
recovered  from  the  Indian  Ocean,  the  waves  of  which  at  one  time  beat 
against  the  Berea  Ridge,  on  which  are  now  situated  the  charming  suburban 
residences  of  the  Durban  merchants. 

The  solvent  power  of  water  containing  carbonic  acid  gas  is  well 
demonstrated  by  the  accumulation  of  nodular  limestone  which  segregates 
in  the  soils  in  many  parts  of  the  colony.  In  the  Tugela  Valley  (as  Dr. 
Sutherland  informed  the  writer)  there  are  masses  of  this  sjiecies  of  Lime- 
stone several  hundred  tons  in  weight.  It  is  the  excess  of  the  carbonic 
acid  gas  that  dissolved  the  lime  out  of  the  original  rock,  and  upon  its 
escape  the  lime  was  deposited  as  a  carbonate.  Bog  iron-ore,  or  limonite,  so 
very  common  all  over  the  colony,  has  also  been  deposited  in  Hke  manner. 
The  limestone  and  the  iron-ore  are,  however,  too  impure  to  be  of  commer- 
cial value. 

Tertiary  System. 

No  portion  of  the  Tertiary  system  is  represented  in  Natal.  It  may 
be  that  the  fossil  wood  so  abimdant  along  the  Drakensberg  range  is  of 
this  age,  but  that  is  an  unsolved  problem. 

?»* 
Cretaceous  System. 

The  fii"st  formation  of  any  importance  found  in  descending  order  is  the 
Chalk,  which  is  seen  on  the  sea-coast  at  the  mouth  of  the  Impengati  river 
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in  Alfred  county,  and  at  the  mouth  of  the  Umzumbe  river,  about  two 
miles  south  of  the  Umtamvuna  ;  some  of  the  ammonites  found  in  this 
formation  are  of  considerable  size.  Large  collections  of  fossils  are  to  be 
seen  in  the  Durban  and  Pietermaritzburg  museums.  Numerous  magni- 
ficent forest-trees,  some  of  which  are  70  feet  in  length  and  2  feet  in  dia- 
meter, are  also  found  ;  their  cavities  are  filled  with  flint,  a  characteristic 
feature  of  Cretaceous  deposits  throughout  the  world.  These  Chalk 
deposits  consist  of  greenish  sands  and  clays  with  rolled  pebbles,  derived 
from  the  older  rocks,  the  cementing-matter  being  calcareous. 

The  greatest  elevation  of  the  Chalk  above  the  sea  does  not  exceed  100 
feet.  In  no  place  has  the  formation  been  traversed  or  interrupted  by 
intrusive  dykes  or  outflows,  a  fact  worthy  of  note  in  a  country  so  scarred 
with  igneous  intrusions. 

Oolitic  System. 

The  Oolitic  system  is  absent  from  this  part  of  the  African  continent, 
for  between  the  Umtamvuna  Chalk  and  the  coal-formation  no  intermediate 
features  are  found. 

Triassic  or  Coal-measure  System. 

The  Triassic  system  is  the  carboniferous  or  coal-measure  formation 
of  Natal,  and  probably  of  South  Africa  generally.  Commencing  at  the 
surface  in  the  interior,  there  is  a  gritty  sandstone  lying  in  nearly  horizontal 
layers,  and  alternating  with  various  coloured  shales  of  differing  thick- 
nesses. The  maximum  thickness  of  the  series  is  probably  not  more  than 
4,000  feet.  Dr.  Sutherland  considers  that  the  rocks  found  on  the  top  of 
the  Town  Hill  at  Pietermaritzburg  form  the  base  of  this  formation 
(and  judging  from  personal  observation  the  writer  agrees  in  that  view) ; 
thence  the  series  rises  to  nearly  the  summit  of  the  Little  Drakensberg, 
which  is  over  7,000  feet  high. 

On  the  surface  of  this  formation  is  found  the  fossil  coniferous  wood, 
which  appears  to  be  the  same  as  that  found  in  the  Cretaceous  deposits 
of  the  colony.  The  area  over  which  this  formation  extends  is  enormous  : 
from  the  Town  Hill,  Pietermaritzburg,  to  the  Drakensberg  range,  and 
thence  to  the  Orange  Free  State  and  the  Transvaal..  It  forms  also  a 
narrow  strip  in  Victoria  county  from  the  Umgeui  to  Compensation. 

One  of  the  most  remarkable  features  of  this  formation  is  the  number 
of  igneous  dykes  and  outflows  which  intersect  and  cut  up  the  series.  A 
very  good  example  of  this  is  found  in  the  Zwartkop  mountains  ;  it  may 
be  traced  (through  a  series  of  outbursts)  into  the  Great  Drakensberg, 
where  it  forms  the  weatherworn  peaks,  which  rise  to  a  height  of  nearly 
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10,000  feet  above  the  sea-level.  These  dykes  vary  from  a  few  inches  to 
many  feet  in  thickness,  and  may  be  many  times  repeated  in  a  shoi't 
distance.  At  the  Howick  falls  (Umgeni  river)  near  Pietermaritzbiu-g, 
three  distinct  beds  of  greenstone  are  to  be  seen,  separated  by  intervening 
beds  of  sandstone  and  shale. 

The  localities  in  which  coal  has  been  found  are  shown  on  the  map  of 
the  colony  (Fig.  1,  Plate  XXIII.)  ;  workable  seams  are,  however,  only  found 
and  worked  within  the  shaded  area  in  Klip  river  county.  At  the 
present  time  prospecting  and  borings  are  being  made  in  the  strip  of  coal- 
measure  formation  found  in  Victoria  county,  but  from  the  facts  and 
information  so  far  to  hand  it  does  not  appear  that  anything  like  a  work- 
able seam  of  coal  has  been  or  is  likely  to  be  discovered.  The  wi'iter  is, 
however,  of  the  opinion  that  workable  coal  may  possibly  be  found  near  the 
Drakensberg  mountains,  due  east  of  Pietermaritzburg  (Appendix  A). 

Mr.  T.  Bain  and  Prof.  Seeley  state  in  their  report  on  the  Geology  of 
Cape  Colony : — "  At  Cyphergat  and  Fairview,  in  Moltcno,  we  obtained 
evidence  that  the  fossil  ferns  and  other  plants  which  are  found  in 
shale  immediately  above  the  coal,  are  identical  with  those  which  occur  in 
the  same  position  in  tlie  Indwe  coal-field,"  and  that  they  also  found 
remains  of  trees  standing  erect  as  they  grew  about  the  coal  of  Cyphergat, 
"thus  demonstrating  that  the  coal  occurs  in  the  position  in  which  it  grew." 

After  careful  perusal  of  Mr.  Galloway's  report  of  1890  to  the  Cape 
Government,  and  Prof.  Green's  paper  of  1888,  one  cannot  but  come  to  the 
conclusion  that  the  coal  is  of  subaqueous  origin.  From  the  accounts 
given  of  Cape  Colony  coal-fields  one  cannot  but  be  convinced  that  they  are 
also  contemporaneous  with  the  Xatal  formations.  The  reasons  advanced 
to  prove  the  Xatal  coal-fields  of  subaqueous  origin,  are  : — 

(a)  Fossil-remains  are  exceedingly  scarce  either  just  above,  below,  or 
in  the  coal.  At  Boston  mills  there  is  a  9  inches  seam  of  coal  resting  on  a 
bed  of  shale,  in  which  roots  of  coal-plants  are  constantly  found ;  and  the 
roof,  also  shale,  contains  numerous  leaves  of  coal-plants  ;  while  at  a  few 
other  places,  viz.,  Estcourt,  Weston,  on  the  Mooi  river,  and  Lennoxton 
plant-remains  are  found,  but  as  a  general  rule  they  may  be  considered  as 
extremely  rare.  The  finding  of  fossils  in  a  few  isolated  cases  does  not 
militate  against  the  subaqueous  theory. 

(h)  The  extraordinary  variations  in  the  thicknesses  of  the  seams  of 
coal  in  a  very  short  distance :  in  one  case  thinning  out  to  1  foot  and  in 
a  few  yards  increasing  to  3  feet,  and  again  in  the  same  distance  thmning 
out  again.  The  wavy  and  false-bedded  natm-e  of  the  strata  immediately 
above  and  below  the  coals,  and  the  great  variation  in  the  thickness  and 
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character  of  the  hands  separating  the  coal,  as  well  as  the  ripple-markings, 
so  common  in  the  sandstone  or  shale  just  above  and  below  the  seam,  are 
further  proofs  of  the  origin  of  the  deposits. 

(c)  The  total  absence  of  any  underclays.  The  floor  of  the  seams  being 
usually  sandstone,  and  sometimes  a  shale-bed. 

((T)  The  instance  mentioned  by  Dr.  Sutherland,  where,  in  the  New- 
castle district,  there  was  found  embedded  in  the  coal  a  fragment  of  granite, 
which  weighed  about  1|  lbs.,  goes  further  perhaps  than  anything 
else,  to  prove  these  coals  to  be  drift  material.  Dr.  Sutherland  himself, 
however,  does  not  bind  himself  to  any  theory. 

(e)  The  specific  gravity  of  the  coal  is  high,  showing  the  presence  of 
earthy  impurities,  which  is  borne  out  by  chemical  analysis,  and  on  very 
close  examination  thin  layers  of  earthy  matter  are  observable  in  some  of 
the  coals. 

The  most  characteristic  fossil  of  the  few  found  in  the  coal-measures, 
is  Glossopferis,  which  is  eminently  a  Triassic  fossil.  Xo  remains  of  Stigmaria 
or  Si(jillaria  have  as  yet  been  discovered,  and  the  -^Titer  has  only  seen  one 
specimen  of  Lqndodendron  (found  near  Newcastle,  S.A.). 

Pietermaritzburg  Shales. 

Below  the  sandstone  and  Carboniferous  shale  formation,  referred  to 
above,  come  the  Pietermaritzburg  Shales,  which  may  be  taken  as  contempo- 
raneous with  the  Kimberley  or  Olive  Shales  (described  by  Prof.  Green  in 
his  paper).  This  shale-formation,  which  is  found  all  over  Pietermaritz- 
burg, can  be  traced  without  a  break  nearly  up  to  the  summit  of  the  Town 
HUl.  No  indications  of  plant  or  other  reliable  fossil-remains  are  found 
in  it.     These  beds  may  be  regarded  as  representing  the  Middle  Trias. 

Boulder-clmj  Formation.* 

The  Pietermaritzburg  Shales  pass  downward  into  a  very  curious 
formation  of  breccia,  which  has,  so  far,  proved  the  bete  noir  of  South 
African  geologists.  It  is  composed  of  a  greyish-blue  argillaceous  matrix, 
containing  numerous  fragments  of  igneous  rock ;  these  vary  greatly  in 
size,  some  being  very  large,  weighing  upwards  of  5  tons,  uniformly  dispersed 
throughout.  Dr.  Sutherland  says  "  It  jjasses  on  one  side  only  into  the 
Pietermaritzburg  Shale,  and  on  the  other  it  abuts  upon  the  next  succeed- 
ing formation  underneath,  upon  which  it  appears  to  rest."  The  included 
fragments  of  rock  have  the  appearance  of  being  smooth  and  polished  by 
attrition. 

*  The  Boulder-clay  formation  is  a  very  misleading  term  for  a  Palaeozoic  group, 
and  the  author  regrets  that  he  is  compelled  to  make  use  of  it. 
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Dr.  Sutherland  calls  it  the  Boulder-clay  fonuation.  Mr.  Dunn 
describes  a  similar  deposit  in  Cape  Colony,  which  he  names  the  Dwyka 
Conglomerate ;  Mr.  Bain,  the  Claystone-poi-phyiy ;  and  Mr.  Wyley,  the 
Trap  Conglomerate,  meaning  thereby  that  it  is  of  volcanic  origin,  which 
is  by  no  means  certain. 

Prof.  Green  admirably  describes  the  rock  as  it  occurs  at  Grahamstown 
(Cape  Colony),  and  his  description  tallies  exactly  with  the  character  of 
the  Natal  deposit.  He  speaks  of  it  as  "  a  dark-grey,  closely-grained,  hard 
matrix,  tliickly  set  with  many  small  angular  fragments  and  rounded  grains 
of  quartz,  the  larger  included  blocks  not  very  numerous,  the  majority 
angular  and  subangular,  but  some  well-rounded  pebbles  ....  a 
whitish  granite,  rich  in  quartz,  was  by  far  the  commonest  rock  among 
the  fragments,  but  quartzites  and  other  rocks  occur.  In  many  places 
no  bedding  is  discernible,  but  where  the  rock  has  been  exposed  it  has  a 
bedded  look  ....  The  matrix  of  the  rock  "  he  adds  "  has  all  the 
look  of  mashed-up  granite  mixed  with  fine  mud."  Although  Prof.  Green 
says  "  the  size  and  angularity  of  the  boulders  suggest  the  action  of  ice," 
he  leans  to  the  opinion  that  it  is  a  lacustrine  deposit.  Dr.  Sutherland, 
in  a  letter  to  the  writer,  says  "  There  can  be  no  doubt  that  the  formation 
in  question  had  its  fringe  exposed  to  the  action  of  water.  At  the  point 
where  it  passes  into  the  shale  it  is  in  many  parts  ripple-marked,  which  is 
clear  proof  of  its  exposure  to  the  action  of  water  subject  to  oscillation  of 
the  surface  with  regard  to  the  beach,  as  well  as  back-and-forward  motion. 
These  ripples  are  best  seen  at  Umziuto,  where  good  puddingstone  is  won 
from  the  formation  at  the  line  of  its  passage  into  the  shale." 

The  area  over  which  this  formation  extends  is  very  great.  It  is 
found  throughout  the  northern  part  of  Victoria  county ;  it  flanks  the 
sandstone  hills  on  their  seaward  side  from  the  Tugela  river  to  the  Umgeni 
river,  and  occupies  both  sides  of  the  Umgeni  river  at  Queen's  Bridge  ; 
it  passes  south  through  Cato  Manor  and  the  Berea,  and  crops  out  at  the 
sea-level  at  the  Umbilo,  near  Congella.  It  is  further  to  be  found  extending 
as  far  as  the  St.  John's  river.  On  the  other  hand,  it  is  found  cropping  out 
extensively  in  the  vicinity  of  Pietermaritzburg,  between  Greytown  and  the 
Biggarsberg  mountains,  and  many  other  places. 

The  equivalent  of  the  Old  Red  Sandstone  is  wanting  in  Natal.* 

Silurian  System. 

Below  the  breccia  we  pass  into  a  sandstone  of  SUurian  age.     These 

Silurian  rocks  occupy  the  flanks  and  hollows  of  the  primitive  rocks  on 

*  The  author  is  inclined  to  think  that  the  Dwyka  Consrlomerate  represents  a  part 
of  the  true  Carboniferous  system. 


THE  GEOLOGY  AND  COAL-DEPOSITS  OF  NATAL.         227 

which  they  rest  horizontally  aud  much  faulted.  In  many  parts  they 
contain  numerous  rolled,  polished  fragments  of  quartz  derived  from  these 
older  rocks.  The  thickness  varies  up  to  500  feet  in  Xatal,  though  it  is 
found  much  thicker  in  other  parts  of  South  Africa.  Table  Mountain 
(near  Pietermaritzburg),  Inanda,  and  Izwate  are  instances  of  it. 

Pre-Siluricm  Rocks, 

The  primitive  rocks,  consisting  of  granites,  mica-schists,  clay-slates, 
and  marbles,  are  seen  in  the  gorges  of  the  mountain-valleys,  and  at 
Bishopstowe,  close  to  Umsumdusi  river.  The  series  extends  northward 
through  the  Tnanda  location  into  Zululand,  following  the  deep  valley  of 
the  Tugela  river.  At  the  Lower  Umzimkulu  river,  about  6  miles  from 
the  sea  is  found  a  mass  of  metamorphosed  limestone,  forming  a  marble  of 
great  purity,  but  too  highly  crystallized  for  statuary  purposes.  This 
deposit  is  of  very  considerable  extent,  having  been  proved  to  exist  over 
35  square  miles,  and  it  is  not  less  than  1,200  feet  thick. 

Summary. 

The  following  classification  of  the  Natal  rocks  may,  the  writer  thinks, 
be  adopted,  and  is  shown  in  correlation  with  Prof.  Green's  division  of  the 
Cape  Colony  rocks  : — 


Natal. 

Cape  Colony. 

Alluvial 

Alluvial. 

Cretaceous        

Cretaceous. 

Igneous  rocks,   dykes,  and   outflows, 

capping  the  Drakensberg  range   ... 

Volcanic  beds.     ^ 

Coal-measures  (Tria<sic) 

Cave  sandstone,   f  Stormberg 

Red  beds.              C       beds. 

Molteno  beds.      '^ 

Karoo  beds. 

Pietermaritzburg  Shales        

Kimberley  Shales  (great  un- 

conformity). 

Ecca  beds. 

Boulder-clay     

Dwyka  Conglomerate  (great 

unconformity). 

Silurian 

Quartzite. 

.' 

Bokkveldt  beds. 

Table  Mountain  sandstone. 

Pre-Silurian  (gneiss,  granite,  marble) 

Slates  and  intrusive  granite 

(Malmesburg  beds). 

The  Northern  Coal-fields  of  Natal. 

It  has  been  shown  that  coal  undoubtedly  exists  in  many  parts  of 
Natal,  but  readily  workable  seams  occur  only  in  the  Klip  river  district. 
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Mr.  F.  "W.  Xorth,  commissioned  by  the  Grovernment  of  Natal  to 
prospect  the  coal-fields  of  the  colony,  reported  thereon  in  September,  1881. 
His  report  undoubtedly  led  to  the  erroneous  notion  of  the  existence  in  the 
Klip  ri\'er  district  of  an  extensive  workable  coal-field  abounding  in  out- 
cropping coal-seams  "invariably  situated  in  favourable  positions  for 
economical  working." 

In  reality,  the  coal-deposits  in  Xatal  are  spread  about  in  beds  of  coal 
of  variable  quality  of  no  great  extent  indi^ddually,  and  often  reduced  by 
erosion.  In  the  Klip  river  district,  for  instance,  coal-seams  outcrop  over 
a  country  of  about  1,190  square  miles,  but  this  very  considerable  area  is 
no  o-auore  of  the  workable  coal-beds.  The  assertion  of  their  beintj 
invariably  situated  in  favourable  positions  for  economical  working  is  dis- 
posed of,  when  the  aspect  of  that  broken  country  is  considered. 

Since  the  issue  of  Mr.  North's  report,  the  Natal  Government  Railway 
has  been  completed  to  the  frontier  of  the  Transvaal.  (Fig.  1,  Plate 
XXIII.)  Laterally  to  the  line,  but  only  within  the  limits  of  a  com- 
paratively narrow  belt  where  branch-lines  can  be  constructed  at  reasonable 
cost,  has  the  coal  country  been  opened  out ;  otherwise  it  remains  as 
inaccessible  as  ever.  Any  other  railway  through  it,  if  ever  constructed, 
will  be  attended  with  similar  limited  advantages. 

The  belt  of  coal -bearing  lands  along  the  railway  line  from  Elands 
Laagte  to  Newcastle  (Fig.  1,  Plate  XXXIII.)  can  be  divided  into  three 
parts : — (a)  south  of  the  Biggarsberg  range,  (h)  the  Dundee  plateau,  and 
(c)  the  Newcastle  district. 

Biggarsberg  Coal-field. 

In  that  part  south  of  the  Biggarsberg  range  and  nearest  the  seaport, 
the  apparently  promising  coal  farms  were  hurriedly  taken  up  in  expectation 
of  immense  financial  profits,  were  partially  developed,  and  subsequently 
nearly  all  abandoned,  owing  to  the  inferior  quality  of  the  coal,  the  thinness 
of  the  seams,  or  the  impossibility  of  connecting  them  to  the  main  line  of 
railway  at  a  cost  in  proportion  to  the  importance  of  the  mine;  and 
unless  some  improbable  circumstance  intervenes  they  are  not  likely  to  be 
re-oj^ened. 

A  brief  description,  however,  of  these  mines  may  not  be  out  of  place. 

(1)  The  Elands  Laagte  Mine.—l^\n&  was  one  of  the  first  mines  which 
produced  coal  in  the  colony.  During  the  year  1889,  19,094  tons  were 
raised,  and  7  Europeans,  2  Indians,  and  1 00  natives  employed.  But  in 
1890-91  the  output  fell  to  7,834  tons,  and  the  mine  has  now  ceased 
working.     The  coal  supplied  from  it  had  no  very  good  reputation  in 
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the  colony,  owing  to  its  high  percentage  of  sulphur,  and  its  being  put  on 
the  market  in  a  dirty  condition. 

(2)  The  Natal  Colliery. — The  output  from  this  colliery  for  the  year 
1889  was  2,206  tons,  the  labour  employed  consisting  of  2  Europeans  and 
18  natives  ;  the  output  in  1890-91  was  only  .373  tons.     It  is  now  closed. 

The  section  of  the  seam  was  as  follows : — 

Sandstone-roof.  Ft.  Ins. 

Coal 2  2 

Shale-band 0  9 

Coal 1  4 

Sandstone-floor. 

The  Shotts  colliery,  a  small  mine,  was  opened  on  a  portion  of  the  Natal 
Colliery  Company's  property,  the  coal  produced  from  it  (in  1891)  being 
142  tons. 

(3)  The  Ramsay  or  InTcunzi  ColJlery. — The  writer  spent  some  time  at 
this  mine,  over  which  he  was  conducted  by  the  then  manager,  Mr.  Tylor, 
who  was  at  one  time  a  member  of  this  Institute,  and  who  served  a  portion 
of  his  apprenticeship  in  Northumberland.  The  writer  can  safely  say  that 
it  was  the  only  properly  laid-out  and  best  managed  coal-mine  in  Natal. 

The  seams  of  this  neighbourhood  are  mentioned  by  Mr.  North  on  page 
29  of  his  report,  and  shown  in  his  sections  .54a  and  55.  The  writer 
obtained  the  following  section  from  Mr.  Tylor  : — 


Sandstone,  Increasing  in  thickness  as  the  hill  rises. 

Ft. 

Ins.      Ft. 

lus 

(1)  Not  worked— 

Coal            

3 

0 

Shale          

1 

6 

Coal            

1 

0 

Sandstone,  false-bedded,  solid  above  shale     

20 

0 

Shale         

2 

6  to    4 

6 

(2)  Worked— 

Coal            

1 

8 

PartincT       ... 

Band  (average  2  inches)            

0 

1  to    0 

6 

Coal            

0 

8 

(3)  Not  worked— 

Sandstone... 

12 

0  to  18 

0 

Coal            

1 

0 

Splinty  coal 

0 

6 

Sandstone. 

The  mine  is  worked  by  drifts  or  adits  driven  in  the  coal  which  crops 
out  near  the  base  of  the  hill.  There  are  dykes  in  the  vicinity  of  the 
mine,  but  none  of  these  have  been  passed  through,  for  the  workings  have 
not  proceeded  far  enough  as  yet. 
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The  coal  l)eino-  worked  was  more  like  ffood  North -coimtiy  (Durham) 
household  coal  thau  auy  the  writer  has  seen  in  the  colony  ;  it  is  also  more 
bituminous  than  most  of  the  Newcastle  (Natal)  coals.  When  the  WTiter 
visited  the  mine  it  was  being  worked  on  the  longwall  system,  by  far  the 
most  suitable  method  of  working  a  seam  of  this  nature  ;  the  shale-roof 
being  ripped  down  in  the  gateways  to  make  tub  and  travelling-height. 
The  squeeze  or  subsidence  was  very  even,  and  closely  followed  the  advanc- 
ing workings.     The  surface  appeared  to  be  in  no  way  damaged. 

The  seam  was  kirved  just  above  the  band,  the  top-coal  being  wedged 
down  and  the  bottom-coal  wedged  up.  All  hewing  and  transport  was  per- 
formed by  24  Kafirs,  the  only  white  man  being  the  manager.  The 
hewers  worked  from  sunrise  to  sunset,  with  intervals  for  meals  amounting 
to  two  hours  in  all,  and  were  paid  at  the  rate  of  £2  5s.  per  30  working 
days,  with  rations  (in  addition)  of  mealie  meal,  and  meat  once  a  week. 
The  night  "boys,"  who  rip  down  the  shale  for  height,  worked  14  hours 
with  no  allowance  for  meals,  and  received  os.  per  month  (30  days)  more 
than  the  hewers.  The  cost  of  working  and  conveying  the  coal  to  the 
mouth  of  the  adit  was  7s.  per  ton,  on  an  output  of  about  15  tons  per  diem. 

The  output  for  1889  was  2,500  tons,  and  from  July,  1890,  to  30th 
June,  1891,  4,704  tons  were  worked.  The  coal  was  conveyed  to  the  Natal 
Government  Railway,  3|  miles  distant,  in  Scotch  carts  drawn  by  oxen  in 
summer  and  by  mules  in  winter.     The  cost  of  transport  being  3s.  per  ton. 

The  mining  rights  were  leased  from  one  of  the  Amakowlwar  Kafirs 
(Christians),  who  own  and  farm  the  land  in  this  district.  This  mine  has 
recently  been  closed. 

(4)  The  Acol  Colliery. — The  seam  worked,  which  is  of  the  following 

section,  corresponds  to  the  upper  or  No.  1  Seam  of  the  Ramsay  mine: — 

Sandstone-roof.  Ft.  Ins. 

Coal 1  10 

Shale            0  8 

Coal 1  4 

Sandstone-floor. 

During  1889,  600  tons  were  worked,  and  the  output  increased  during 
1890-91  to  4,235  tons ;  but  very  little,  if  anything,  is  being  done  at  the 
mine  at  the  present  time. 

(5)  The  WalUend  Mine. — The  Natal  Government  Railway  passes 
through  this  property.     The  section  of  the  seam  worked  was: — 

Sandstone-roof.  Ft.  Ins. 

Shale  1       9 

Coal 1     10 

Shale  2       5 

Sandstone-floor. 
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The  output  for  1889  was  184  tons,  and  in  1890-91,  2,000  tons;  the 
labour  employed  being  7  Europeans  and  70  natives.  The  coal  on  this 
property  is  extremely  good,  and  the  best  results  were  obtained  from  it  when 
it  was  used  on  the  Government  Eailway  ;  but  owing  to  the  thinness  of  the 
seam,  the  cost  of  working  it  was  too  high  to  allow  of  the  carrying  on  of 
the  mine  at  a  profit,  and  it  ceased  working  in  1891.*  Recently,  how- 
ever, the  Uithoek,  a  small  mine,  has  been  commenced  in  the  northern 
part  of  the  farm. 

The  Dundee  Plateau. 

North  of  the  Biggarsberg  range  is  the  Dundee  plateau.  Here  the 
successful  Dundee  colliery  (11,000  acres,  capital  £110,000)  has  absorbed 
a  great  part  of  ;the  workable  coal-beds  of  the  neighbourhood,  and  the 
St.  George's  Company  contemplate  starting,  some  miles  to  the  north. 
That  company  having,  the  writer  understands,  completed  the  necessary 
survey  and  proved  their  property. 

The  Dundee  Colliery. — The  writer  several  times  visited  this,  the 
premier  mine  of  the  colony,  the  workings  of  which  he  surveyed  for  the 
Natal  Government  Railway  authorities.  The  following  is  an  average 
section  of  the  seam  worked  : — 


Samlstone-ruof  (fii-ni). 

Ft. 

lus. 

Coal 

1 

2 

Shale  (taken  down  to  make  heig 

ht 

iu 

main  roads) 

0 

3 
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•t 

6 

Shale             

0 

H 

Coal 

1 

10 

Sandstone-tloor. 

There  are  three  shafts,  coal  being  drawn  from  two  of  them. 

The  seam  lies  at  a  depth  of  GO  and  70  feet  in  the  two  Avorking  shafts, 
respectively,  the  superincumbent  stratum  being  sandstone,  which  reaches 
to  the  surface.  The  shafts  are  fitted  up  with  rail-guides  and  single-decked 
cages,  capable  of  holding  two  10  cwts.  tubs.  The  drawing  is  performed 
by  two  small  Robey  winding-engines.  The  mine  produces  a  quantity  of 
water,  which  is  raised  to  the  surface  by  a  small  double-acting  Tangye  force- 
pump. 

The  workings  are  laid  out  and  conducted  on  the  old-fashioned  bord- 
and-pillar  system.  The  pillars  or  stoops  are  very  small  (5  by  '6  yards). 
The  galleries  average  about  4  yards  in  width.  Little  or  no  use  seems  to 
have  been  found  for  the  slack  or  small  coal  which  lies  in  large  heaps  about 
the  surface. 

*  The  writer  is  iufortued  that  the  mine  has  reeoinmenced  working. 
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One  of  tue  main  roads  is  driven  through  a  large  dolerite  dyke,  the  coal 
in  its  immediate  vicinity  being  much  burnt,  but  very  little  disturbed.  The 
writer  observed  this  latter  peculiarity  throughout  the  coal-field. 

The  mine  is  connected  to  the  Natal  Government  trunk-line  by  a  single 
line  7  miles  long,  which,  although  laid  over  a  level  country,  with  few 
impediments  in  the  shape  of  spruits  or  dongas,  cost  about  £58,000.  The 
Government  are  taking  the  line  over  from  the  company  at  the  same  price, 
the  payment  being  spread  over  five  years. 

When  the  wiiter  visited  the  mine  in  August,  1891,  there  were 
employed  24  Europeans,  140  natives,  and  35  Indians,  and  the  output 
amounted  to  about  3,500  tons  per  month.  The  company  now  employs 
about  thrice  as  many  nati-^-es,  and  raises  about  10,000  tons  per  month. 

On  the  commencement  of  removal  of  the  pillars  in  1892,  a  large 
subsidence  of  the  surface  took  place. 

Cartridges  of  gunpowder  mixed  with  sawdust  are  used  for  bringing 
down  the  coal,  they  are  ignited  by  means  of  fuse.  The  kirving  is  made 
in  the  coal.  Candles  are  used  by  the  miners  (2  tons  per  month),  but  the 
electric  light  is  in  course  of  being  installed  at  the  shaft  bottom  and 
in  ail  the  main  roads.  A  ventilating-fan  is  also  being  established  at 
No.  3  shaft. 

The  cost  of  working  at  this  colliery  in  the  year  1890,  according  to 
Mr.  Hallimond  (the  then  manager)  was  under  5s.  per  ton. 

The  wages  for  Europeans  varied,  and  depended  on  the  character  of 

their  work  ;  so  far  as  the  writer  can  remember  them,  they  were  as  follows: — 

Overmen,  .£16  to  £20  per  mouth  with  frte  house  and  coals.    Other  white 

labour,  from  £10  to  £14  per  month.      Kafirs,  £1  10s.  to  £1  15s.  per 

30  working-days  with  mealie-meal  rations  and  meat  every   Saturday. 

Corrugated-iron  barracks  are  provided  for  the  natives  to  sleep  in.     The 

Indians,  who  are  employed  about  the  surface,  are  paid  a  somewhat  lower 

wage  than  the  Kafirs,  and  receive,  by  way  of  rations,  rice  and  dohl 

(dried  fish).     Masons'  wages  are  very  high,  and  most  of  their  work  is 

done  by  contract. 

Newcastle  District. 

In  the  Newcastle  district  there  are,  within  easy  distances  from  the 
main  line  of  railway,  working  and  workable  coal-deposits  of  veiy  consider- 
able value,  and  it  is  the  writer's  belief  that  the  district  will  eventually 
prove  to  be  the  chief  source  of  coal  supply  for  South  Africa  ;  at  any  rate 
until  the  Zululand  coal-deposits  are  worked. 

Fig.  3,  Plate  XXIV.,  shows  the  relative  positions  of  these  properties 
and  their  proximity  to  the  Natal  Government  Railway. 
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The  Southern  Cross,  Xewcastle  colliery,  and  Rooi  Pont  estates  have 
been  proved,  partially  developed,  and  are  working.  The  Ballengeich  farm 
has  been  proved  by  borings,  discovery  of  outcrops,  and  a  shaft  has  been 
sunk.  The  Braakfontein,  Tiger  Kloof,  and  Leicester  farms,  and  two  blocks 
of  Government  land  (42  and  111)  all  contain  sufficient  indications  of  coal 
to  justify  the  expense  of  proving  them. 

The  other  coal-bearing  farms  of  the  district,  including  some  of  the 
Government  lands,  have  not  been  considered,  either  by  reason  of  the  bad 
({uality  of  the  coal,  or  the  impossibility  of  connecting  them  with  the  main 
line  of  railway  at  a  cost  in  proportion  to  their  present  importance. 

The  writer  believes  that  the  amalgamation  of  these  properties  under  one 
colliery  and  land  compHuy,  with  adequate  working  capital,  would,  for  a 
long  time,  have  rendered  the  formation  of  any  new  parallel  operation 
at  least  improbable ;  and,  perforce,  would  have  made  them  the  sole 
competitors  of  the  Dundee  collieries  for  supplying  the  local  and  export 
trade. 

(1)  Tke  Southern  Gross  Colliery. — This  company  possesses  four  blocks, 
I,  J,  K,  M,  of  the  Newcastle  town  lands. 

Fig.  4,  Plate  XXIV.,  shows  the  configuratioii  and  area  of  the 
property,  the  position  of  the  boreholes  and  of  the  shaft,  by  which  the 
seam  is  now  worked,  and  the  position  of  the  outcrop  on  the  left  bank  of 
the  Ingagane  river.  The  sections  of  the  several  boreholes  are  noted  in 
Appendix  B. 

The  following  is  a  detailed  section  of  the  upper  seam  now  being 
worked,  chiefly  for  household  purposes  : — 

Ft.      Ins. 
Black-shale- roof         1       0 

Splint 

Coal      

Sandstone-band  

Shale-band       

Coal      

Splint    ... 

Coal      

Splint 

Coal      

Splint  ... 

Coal      

Total  thickness       o       6^ 

According  to  the  borings,  the  coal  extends  in  workable  thickness  over 
at  least  273  acres  in  the  upper  seam  at  a  depth  of  54  feet,  and  over  an 
e.^ual  area  m  the  lower  seam  at  a  depth  of  81  feet.     The  average  thick- 
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ness  of  the  seams  cm  be  reckoued  at  3  feet  5  inches,  and  after  a  deduction 
of  5  per  cent,  for  loss  underground,  there  will  be  1,200,000  tons  of 
available  coal  in  each  seam,  of  which  three-fourths  may  be  reckoned  as 
round  coal  and  one- fourth  as  small  coal  and  dust. 

Samples  of  the  coal  have  been  analysed  by  the  chemist  of  the  South 
African  Trust  and  Finance  Co.,  Ld.,  of  Johannesburg,  showing : — 

Moisture          1-91  to    2-27 

Volatile  products       3i-if»  „  36-73 

Fixed  carbon  ...         ...         ...  or5o  ,,  53*06 

Ash       10-80  „     6-98 

Sulphur           1-25  „     0-96 

Coke     63-60  „  61-00 

Dr.  A.  Simons,  of  the  Ferreu-a  Gold  Mining  Company  of  Johannes- 
burg, analysed  samples  with  similar  results,  and  to  his  report  he  adds  : — 
"  The  coal  will  yield  a  coke  capable  of  competing  with  the  best  imported 
coke.     It  is  a  good  household  and  good  steam  coal." 

It  was  tested  by  the  Johannesburg  Lighting  Co.  at  the  request  of 
Dr.  Simons.  They  reported  a  yield  of  11,000  cubic  feet  of  gas  and 
nearly  14  cwts.  of  coke  per  ton  of  coal  (2,240  lbs.) ;  the  illuminating 
power  of  the  gas  burnt  in  a  standard  argand  burner,  burning  5  feet 
of  gas  per  hour,  was  found  to  vary  between  17'51  and  17'54  sperm 
candles. 

A  train  weighing  altogether  119  tons  ran  from  Durban  to  Botha's 
Hill  station,  31j  miles,  reaching  an  altitude  of  2,425  feet,  the  steepest 
gradients  being  1  in  30,  in  2  hours  41  minutes,  on  a  consumption  of  17 
cwts.  of  coal.  Xo  difficulty  was  experienced  during  the  rmi  in  keeping 
the  steam  pressure  at  130  lbs.,  the  engine  reaching  its  destination  under 
full  pressure,  and  it  could  have  run  G  miles  more.  Finally,  on  cleaning 
the  fire-box  there  was  very  little  clinker,  and  scarcely  any  ashes  in  the 
smoke-box. 

The  mineral  rights  are  held  under  the  Corporation  of  Xewcastle  for 
twenty-one  years  at  a  yearly  rental  of  5s.  per  acre,  and  a  royalty  of  3d.  per 
ton  of  coal  raised.  The  company  is  endeavouring  conjointly  with  the 
Newcastle  Colliery  Co.  to  have  their  leases  extended,  and  otherwise 
modified  in  terms  of  the  regulations  for  mining  on  Crown  lands  ;  this 
means  that  the  royalty  mitigating  the  rent,  the  royalty  of  3d.  per  ton 
raised  will  finally  be  only  chargeable  against  the  coal.  The  Xewcastle 
Corporation  offering  no  opposition,  it  is  only  a  question  of  legal  modua 
operandi,  subject  to  the  sanction  of  the  Government  (which  has  now 
been  obtained). 
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The  colliery  is  If  miles  distant  from  the  Natal  Government  Railway. 
The  branch  line  over  an  easy  country  has  been  surveyed,  necessitating 
only  9,775  cubic  yards  of  excavation,  earth  and  banks,  and  124  yards  of 
concrete  and  masonry. 

(2)  The  Newcastle  Colliery. — The  company  possess  three  blocks 
N,  0,  P,  of  the  Newcastle  town  lands. 

Fig.  4,  Plate  XXIV.,  shows  the  configuration  and  area  of  the  property, 

the  position  of  boreholes,  and  of  the  adit  by  which  the  seam  is  now 

worked.     The  following  is  a  detailed  section  of  the  working  seam  : — 

Sandstone-roof,  hard  and  firm. 

Coal 

Splint-band...         

Coal 

Band,  variable 

Coal 

Band,  variable 

Coal 

Total  thickness  (j       o 

Judging  from  the  contour  of  the  surface,  and  the  lie  of  the  seam,  coal 
extends  over  the  whole  area  of  the  property,  and  deducting  this  from 
the  area  already  worked,  there  remains  270  acres  of  coal  of  an  average 
thickness  of  4  feet  3  inches,  containing,  say,  1,814,940  tons  of  available 
coal,  of  which  one-fourth  will  be  nuts  and  dust,  and  three-fourths  will  be 
round  coal. 

Jt  is  extremely  probable  that  the  two  seams  will  be  found  existing  on 
the  Southern  Cross  property,  but  in  the  absence  of  sufficient  boreholes 
and  surface-levelling,  it  is  only  a  possibility ;  therefore  the  estimate  of 
available  coal  in  this  estate  is  limited  to  the  tonnage  given  above. 

The  remarks  as  to  the  quality  of  the  coal  of  the  Southern  Cross 
colliery  equally  apply  to  the  coal  of  the  Newcastle  colhery,  both  being 
the  best  Natal  coal. 

This  company  has  a  nominal  capital  of  £20,000,  of  which  £12,800  is 
paid  up.  The  mineral  rights  of  the  estate  is  held  for  twenty-one  years,  from 
the  Corporation  of  Newcastle,  at  a  yearly  rental  of  12s.  8d.  per  acre,  and  a 
royalty  of  3d.  per  ton  of  coal  raised.  The  mine  is  connected  to  the  Natal 
Government  Railway  by  a  2  feet  gauge  light  tramway  of  portable  type. 
The  present  output  is  about  40  tons  daily. 

Several  blocks  of  the  Newcastle  town  lands  have  been  marked  Ijy  the 
corporation  on  the  assiunption  that  the  Southern  Cross  and  Newcastle 
colliery  seams  are  represented  therein,  but  a  jjortion  only,  however,  will 
be  coal-bearing. 
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Lennoxton  Mines. — These  mines  are  situate  north-west  of  Newcastle, 
but  both  of  them  are  now  closed,  and  are  too  far  removed  from  the  Natal 
j  Government  Railway  to  be  of  importance  in  the  near  future. 

Braakfontein  Farm. — On  this  farm,  on  the  right  bank  of  the 
Ingagane  river,  lies  the  same  coal-seam  as  that  found  in  the  Newcastle 
town  lands,  on  the  opposite  bank,  the  coal  cropping  out  on  both  sides. 
The  farm  is  unproved,  but  all  the  indications,  however,  are  most 
favourable. 

Rooi  Pont  Farm. — The  area  of  this  farm  is  8,043  acres.  Its  position 
is  shown  on  Fig.  3,  Plate  XXIV.  The  eastern  half  of  the  farm  is  much 
cut  up  by  kopjes  (or  craggy  hillocks),  having  very  steep  sides.  The 
summits  form  elevated  plateaus  covered  with  good  grass.  From  careful 
observation  the  writer  came  to  the  conclusion  that  the  portion  of 
the  farm  lying  east  of  the  Natal  Government  Railway  (low-lying  land) 
must  be  regarded  as  containing  no  coal,  which  leaves  1,650  acres;  over 
the  greater  part,  if  not  the  whole  of  this  area,  the  seam  will  be  found 
to  exist. 

The  seam  has  been  proved  by  a  shaft  sunk  to  a  depth  of  28  feet  on  the 
side  of  the  kopje,  and  by  an  adit.  A  section,  east  and  west,  across  the 
farm  is  shown  in  Fig.  5,  Plate  XXIV. 

An  average  section  of  the  seam  is  as  follows : — 

Ft.      Ins. 

Sandstone    ... 

Shale  

Coal,  bright  and  cubical  ... 

Band,  with  strings  of  coal 

Splint-band... 

Coal,  bright  and  cubical  ... 

Band  

Coal,  bright 

Band  

Coal 

Total  thickness  ...         ...         ...         .5       1^ 

Taking  the  average  coal  section  at  3  feet  8  inches,  there  will  be  6,016,000 
tons  of  workable  coal.  The  coal  described  as  Ijright  and  cubical  is  a  glossy 
friable  coal,  sphtting  up  into  small  cubes,  and  more  of  a  bituminous  than 
an  anthracitic  natm'e. 

The  pro}ierty  is  owned,  and  was  being  worked  when  the  writer  was  in 
Natal,  by  Mr.  Draper,  an  old  colonist. 

Tifjer  Kloof  Farm.— This  farm  (Fig.  6,  Plate  XXIV.,)  had  originally 
an  area  of  3,978  acres,  but  the  Natal  Government  Railway  cutting  through 
it  reduced  it  to  3,953  acres.     There  are  sufficient  indications  of  coal  to 
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justify  the  expense  of  proving  it  systematically,  which  is  now  being 
done.  A  shaft  on  the  northern  boundary  of  the  farm,  by  which  the 
seam  was  for  some  time,  twelve  years  ago,  worked  for  local  sale,  has 
now  fallen  in ;  but,  according  to  a  miner,  it  showed  a  section  of  5  feet 
of  coal. 

On  the  south-eastern  corner  of  the  farm  is  an  outcrop  through  which 
the  Natal  Government  Railway  passes.  The  existence  of  sections  of  5  feet 
of  coal  in  the  northern  and  southern  extremities  of  the  eastern  portion  of 
the  farm,  coupled  with  the  fact  that  the  surface  rises  toward  the  kopjes  on 
the  west,  is  a  fair  proof  of  the  existence  of  coal  on  that  portion  of  the 
farm  from  the  railway  to  the  western  boundary. 

The  kopjes  being  lormed  by  an  outflow  of  trap  rock  that  can  be  traced 
to  a  point  of  eruption  on  the  Natal  side  of  the  Drakensl)erg,  it  is  not 
probable  that  the  coal  underneath  has  suffered  any  serious  disturbance. 
Coal,  then,  may  be  said,  with  sufficient  accuracy,  to  exist  on  two-thirds  of 
the  property  with  a  workable  section  of  5  feet,  and,  after  deducting  for 
loss  in  working,  containing  20,0oo,(X)0  tons  of  available  coal.  Among  the 
great  advantages  of  this  property  is  its  accessibility  to  the  Natal  Govern- 
ment Railway,  requu'ing  nothing  more  than  a  short  siding,  and  the  fact 
that  the  coal  cau  be  approached  and  mined  by  adits. 

Tlie  Ballengeich  Farm. — Fig.  3,  Plate  XXIY.,  shows  the  relative 
positions  of  this  farm,  and  of  the  Natal  Government  Railway,  with  the 
Ingagane  river  between  them. 

Fig.  7,  Plate  XXIV.,  shows  the  Horn  river,  an  impetuous  torrent,  often 
flooded  in  the  rainy  season,  flowing  nearly  at  right  angles  to  the  Ingagane 
river,  the  consequence  being  that  when  the  Horn  river  is  flooded  it  dams 
the  Ingagane  river  and  causes  it  to  overflow  its  banks,  the  flood  covering 
the  lowland  on  the  left  bank,  across  which  the  branch  line  would  have  to 
be  constructed.  A  substantial  viaduct,  GOO  feet  long,  would  be  required, 
entailing  an  outlay  of  £18,000  for  bridge  and  railway.  The  connecting 
of  the  contemplated  colliery  to  the  railway  could  be  accomplished  at  a 
smaller  original  cost  by  a  rope  (aerial)  tramway,  but  such  a  mode  of 
transport  would  unavoidably  be  attended  by  contingencies  that  might 
ultimately  prove  very  serious. 

The  outcrops  of  coal  are  denoted  by  the  letters  a,  b,  c,  d,  e,  and  / 
(B'ig.  7,  Plate  XXIV.).  At  none  of  these  points  is  the  seam  shown  in  its 
full  height,  as  all  the  outcrops  are  injured  by  exposure  to  atmospheric 
agencies,  and  a  reUable  section  could  not  be  obtained  without  excavating 
for  some  distance.  Mr.  North  made  an  excavation  at  the  point  e  as 
follows : — 
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Hard  coal     

Grey  shale   ... 
Coal,  hard    ... 

Arenaceous  shale 

Dark  grey  sandstone,  very  hard... 

Coal 

Shale  and  coal        

Coal 

Parting        ...         ...         ...  

Coal 0      8 

Parting         ...         ...         ...         ...         ... 

Coal,  hard  and  good  

Sandstone    ...         

Coal,  good    ... 

Parting,  with  iron  pyrites 

Coal,  good    ... 

Total  thickness  ...       12       9^ 

Although  this  section  shows  a  considerable  thickness  of  coal,  it  at  the 

same  time  shows  a  large  number  of  bands,  a  very  serious  item,  when  the 

working  and  screening  of  the  coal  is  considered.     This  may  be  taken  as 

an  average  section  of  the  main  seam  over  the  farm. 

The  outcrop  at  d  is  of  two  small  adjacent  seams,  lying  at  some 
height  above  the  main  seam,  and  shown  in  section  of  No.  3  borehole 
(Appendix  C)  ;  these,  however,  owing  to  their  thinness,  are,  of  course,  of 
no  value,  except  as  evidence  of  the  regularity  of  the  strata.  The  strata 
overlying  the  main  seam  are  far  more  regular,  as  regards  character  and 
thickness,  than  was  observed  on  other  farms  in  the  neighbom-hood. 

Boreholes,  Nos.  5,  6,  and  7,  were  put  down  on  this  farm.  No.  7 
hole,  drilled  near  the  shaft,  went  90  feet  down,  coal  was  found  at  48  to 
6U  feet  and  was  analysed.  In  No,  5  hole,  drilled  near  the  Kafir  kraals, 
coal  was  found  at  41  feet  G  inches,  then  G  inches  shale-band,  52  feet  to 
00  feet  coal  again,  the  roof  being  shale  and  the  floor  sandstone. 

The  other  boreholes,  one  of  which  was  put  down  near  Mr.  Degenaar's 
house,  stiiick  whinstone,  whether  a  dyke  or  outflows  from  a  dyke  is 
unknown. 

The  shaft  is  43  feet  deep,  and  is  sunk  through  the  seam,  where, 
according  to  Mr  North,  there  is  9  feet  of  coal. 

No.  1  borehole  (Appendix  C)  is  situate  on  the  lowest  ground,  but  it  did 
not  strike  the  seam,  which  had  been  denuded,  in  all  probability,  by  the 
action  of  the  Horn  river.  But,  owing  to  the  he  ivy  dip  of  the  seam  to  the 
south,  the  seam  was  struck  in  the  No.  2  borehole  (see  Appendix  C);  the 
heavy  dip  may  be  due  to  faulting,  which  cannot  be  determined  until 
underground  development  has  proceeded  somewhat.     There  is  no  external 
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ividence  of  faulting,  and  the  difference  of  level  of  the  seam  in  the  shaft 
at  the   Horn  river,  and  at  Nos.  2  and  3   boreholes   (Appendix  C),  is 
most  probably  due  to  dip  alone;  still,  there  may,  however,  be  some  small 
faults.     Unluckily,  the  No.  4  borehole  struck  a  whin  dyke. 
The  order  of  succession  of  strata  may  be  taken  as  follows  : — 

(a)  Basaltic   overlying    formation,   forming   dykes   and   outflows, 

piercing  and  capping  the  kopjes. 

(b)  Laminated  grey  rock  and  thin  bands  of  shale,  and  thin  local 

seam  or  seams  of  coal. 

(c)  False-bedded  sandstones. 

(r/)  Laminated,  arenaceous,  micaceous,  black  and  grey  shales,  with 
sometimes  a  band  of  sandstone  forming  the  roof  of  the  seam, 
(e)  Main  coal-seam. 
(/)  Hard  sandstone-floor. 

The  roof  of  the  seam  is  in  most  cases  composed  of  shale,  which  means 
an  increased  cost  of  working,  and  is  very  likely  to  be  water-bearing. 

In  the  section  of  the  seam  given  by  Mr.  North,  the  coal  is  much  more 
split  up  by  bands  than  it  is  in  the  sections  given  by  the  boreholes, 
which  makes  it  probable  that  the  small  bands  of  shaly  matter  have  been 
passed  through  whilst  drilling  in  the  coal,  and  washed  away  (if  there  was 
any  shale  core)  by  the  water  pumped  down  to  keep  the  diamond  crown 
cool  and  the  hole  clean. 

The  tops  and  sides  of  nearly  all  the  hills  are  covered  with  large  whin 
(basaltic)  boulders  ;  and  in  places  the  bedded  rock  is  visible.  These 
kopjes  or  hills  owe  their  existence  and  origin  to  this  protecting  cap  of 
doleritic  rock,  which  has  shielded  the  underlying  strata  from  the  various 
denuding  agents  that  have  at  one  time  carried  away  the  original  surface. 
This  whinstone  exists  in  two  conditions  or  forms  :  (a)  as  dykes  and  (b)  as 
outflows.     (See  Fig.  8,  Plate  XXIV.) 

A  considerable  part  of  the  hill-surface  is  formed  by  overflow  whin- 
stone,  the  dykes  existing  in  a  truncated  form.  It  is  very  probable  therefore 
that  the  seam  will  exist  for  a  considerable  distance  beneath  the  hills,  but 
whoever  works  the  coal  must  expect  to  contend  with  a  considerable  number 
of  dykes,  which  exist  also  in  the  lower  part,  but  unaccompanied  by  out- 
flows. The  coal  will  be  more  or  less  indurated  in  the  vicinity  of  these 
intrusive  masses,  and  probably  useless  and  unsaleable. 

After  allowing  a  liberal  deduction  for  loss  by  denudation  and  dykes, 
there  may  be  2,800  (out  of  the  4,005)  acres  of  workable  coal,  containing 
a  total  of  51,010,400  tons  of  workable  coal  and  at  least  38,257,800  tons 
of  vendable  round  coal. 
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Mr.  C.  Hall  wi'ote,  in  1889,  with  reference  to  the  coal  from  samples 
of  cores  from  Xos.  5  and  6  boreholes : — "  The  coal  is  of  fair  quality,  part 
anthracitic  and  part  clear-burning  bituminous  coal,  the  latter  with  22  per 
cent,  of  volatile  matter  and  14  per  cent,  of  ash.  It  does  not  light  easily, 
but  once  started  continues  to  burn,  giving  out  a  steady  heat  as  long  as 
there  is  a  good  draught.  The  clear-burning  part  cakes  slightly,  but  does 
not  form  clinker.  The  ash  remains  in  friable  lumps,  retaining  the  original 
form  of  the  coal."  He  considered,  as  far  as  he  could  judge  from  a  small 
sample,  that  it  was  better  suited  for  steam  raising  than  for  household 
purposes.  The  quality  of  the  coal  from  No.  5  hole,  so  far  as  percentage  of 
ash  was  concerned,  was  slightly  better  than  the  more  solid  coal. 

Mr.  E.  Neville,  Government  chemist,  wi'ote  in  1891,  respecting  a 
sample  of  coal  taken  from  a  borehole  on  the  Ballengeich  farm.  "  It  is  a 
hard,  compact,  dull,  greyish-black  coal,  with  a  specific  gravity  of  1*499, 
of  the  following  composition  : — 

^  Per  Cent. 

Moisture       ...         ...         1"68 

Volatile  hydrocarbons       ...         ...         ...         10-8i 

Coke,  free  from  ash  ...         ...         ...         71 '32 

Sulphur         0-88 

Ash 1.5-28 

The  coal  is  a  semi-anthracite  of  good  quality,  containing  a  consider- 
able percentage  of  ash,  and  yielding  an  amorphous  coke.  Mi.xed  with  a 
more  bituminous  coal  and  burnt  with  a  good  draught,  it  would  be  an 
economical  coal  for  raising  steam.  Its  small  proportion  of  sulphur  and 
the  absence  of  phosphorus  render  it  suitable  for  most  metallurgical  pro- 
cesses." 

The  Leicester  Farm. — This  farm,  with  an  area  of  3,956  acres,  is  situated 
in  a  favourable  position  on  the  right  bank  of  the  Ingagane  river,  the  Natal 
Government  Railway  running  through  the  estate  for  about  2^  miles 
(Fig.  3,  Plate  XXIV.).  This  property  is  not  actually  proved  otherwise 
than  by  an  out-crop  on  the  right  bank  of  the  Ingagane  river,  close  to  the 
railway,  and  a  trial  shaft  on  the  opposite  side  of  the  hue.  According 
to  Mr.  North,  there  is  a  seam  of  8  feet  9  inches  in  thickness.  In  the  absence 
of  a  detailed  section,  and  judging  from  the  coal  lying  at  the  mouth  of 
the  shaft,  it  is  difficult  to  believe  that  he  found  the  seam  to  have  a  clean 
section.  On  the  contrary,  judging  from  the  samples  lying  at  the  surface, 
it  is  a  hard  splinty  coal,  showing  a  considerably  less  section  of  available 
coal.  It  is  a  hard,  semi  anthracitic  coal,  which  ignited  with  difficulty,  but 
gave  out  great  heat  when  burning. 

Lately  the  Commissioner  of  Mines  drilled  a  borehole  (Fig.  7,  Plate 
XXIV.)  which  went  to  a  depth  of  324  feet  without  pssing  through  any 
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coal-seam.  The  coal-bearing  portion  of  this  property  must  therefore  lie 
south  of  the  shaft  and  the  outcrop,  the  contour  of  which  is  favourable  to 
its  existence. 

Railways. 

Over  375  miles  of  railways  are  open  for  traffic.  The  main  trunk 
line  extends  from  Durban  to  Ladysmith  (189^  miles),  Biggarsberg  and 
Newcastle  (268  miles),  and  is  now  completed  northward  to  Chai'lestown 
(3U4  miles)  on  the  Transvaal  ft-ontier.  There  is  a  branch  line  from 
Biggarsberg  to  the  Dundee  coal-fields  (which  will  ultimately  prove  the 
main  line  to  Zululand)  and  from  Ladysmith  to  Harrismith  via  Van 
Reenan's  Pass  into  the  Orange  Free  State.  From  Durban  lines  run 
northward  to  Verulam  (19  miles)  and  southward  to  Isipingo  (7 
miles). 

The  railways  are  the  property  of  the  Natal  Government.  The  greater 
part  is  laid  over  very  difficult  country,  especially  between  Durban  and 
Pietermaritzburg,  and  over  the  Town  Hill,  north  of  the  latter  town,  and 
those  pai'ts  which  cross  the  Berg  at  Van  Reenan's  Pass,  and  Langs  Nek 
below  Amajuba. 

The  distance  by  wagon-road  from  Durban  to  Pietermaritzburg  is  65 
miles,  and  about  70^  miles  by  rail.  Some  of  the  curves  are  extremely 
sharp.     The  steepest  gradient  is  about  1  in  35. 

The  following  figures  will  show  the  excellent  management  of  this 
railway  system : — 

1886,  189^  miles  open;  revenue,  £108,878. 

1887,  216f  „  „  257,877. 

1888,  220  „  „  349,184. 
1889,241  „  „  5.S5,261. 
1890,  286      „       .,     606,713. 

For  the  financial  year,  ending  June  30th,  1891  (taking  the  first  six 

months  of  the  year  as  a  basis  of  calculation),  the  following  results  were 
arrived  at : — 

Gross  income  ...         ...         ...      £587,499 

Gross  expenditure       ...         ...         ...  ...      £356,957 

Excess  income .. .         ...         ...         ...  ...      £230,542 

Earnings  per  open  mile         £1,882 

Earnings  per  train  mile          ..         ...  ...    14s.  2-74d. 

Expenditure  per  open  mile ...          £1,144 

Expenditure  per  train  mile  ...         ...  ...      8s.  7'72d. 

Passenger  earnings     ...         ...         ...  ...       £111,701 

Goods  earnings            ...         ...         ...  ...      £455,730 

Miscellaneous  earnings          ...         ...  ...        £20,060 

Interest  on  capital      ...         ...         ...  ...      £235,360 

Proportion  of  expenses  to  earnings...  ...60  per  cent. 
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The  proportion  borne  by  working  expenditure  to  receipts  in  some 
other  countries  may  be  usefully  recalled  by  way  of  comparison  : — In  Great 
Britain  it  is  53  per  cent.;  in  Cape  Colony,  55  per  cent.:  in  Germany, 
52^  per  cent. ;  in  Austria,  54  per  cent,  for  State  lines,  and  44f  per  cent, 
for  companies'  lines;  in  Belgium,  62  and  52|  per  cent,  for  State  and 
companies'  lines ;  and  in  France,  90  and  50  per  cent,  for  State  and  com- 
panies' lines. 

The  Harbour. 

Durban  is  the  only  seaport  of  Natal,  with  a  population  of  25,000,  of 
which  one-quarter  are  natives  and  Indians.  The  business  of  the  harbour 
has  in  past  yeai-s  been  much  impeded  by  a  shifting  bar  of  sand  across 
the  mouth  of  the  channel. 

The  average  depth  of  the  channel  at  low  water  has,  however,  increased 
from  6  feet  1  inch  in  1882  to  10  feet  9  inches  in  1891,  and  the  harbour 
works  are  still  being  continued  at  considerable  cost  to  the  Colony.  The 
total  sums  paid  out  of  the  Treasury  up  to  May,  1890,  and  used  by  the 
Harbour  Board,  amounted  to  £640,729. 

The  maximum  draught  brought  inside  in  1890  was  16  feet  8  inches 
and  the  mean  draught  13  feet  8  inches.  118  steamers  came  inside  during 
1890  as  compared  with  114  in  1889,  68  in  1888,  and  63  in  1887;  179 
sailing  vessels  came  inside  during  1890  as  compared  with  196  in  1889, 
165  in  1888,  and  135  in  1887;  the  total  increase  in  tonnage  which  has 
arrived  at  the  port  in  1890  was  11,937  over  1889,  133,327  over  1888, 
and  258,095  net  tons  over  1887. 

There  are  as  yet  no  pro^jer  facilities  for  shipping  coal.     The  cost  of 

coaling  vessels  is  about  as  follows : — 

I. — Coaling  alongside  the  wharf : —  s.  d. 

(ii)  When  shoots  can  be  applied  1  0 

(b)  When  the  steam-crane  is  used        ...         ...  1  6 

(<•)  High    boats,    where    baskets  have   to    be 

adopted      ...         ...         ...         ...         ...  2  0 

{{!)  Sacking  and  trimming        ...         ...         ...  0  6 

,,       ^      ,.  .1  Per  Ton. 

II. — Coaling  outside  : —  s.    d. 

Putting  into  lighters 10 

Taking  out  of  lighters  o     0 

Putting  under  hatches  ...         ...         1     6 

7     6 

The  authorities  have,  however,  under  consideration  the  erection  of 
hydraulic  tipping-applianoes,  designed  by  Sir  TT.  G.  Armstrong,  ;Mitchell, 
&  Co.,  to  suit  the  20  tons  trucks  of  the  Natal  Government  Railway,  which 
will  greatly  reduce  the  cost  of  coaling. 
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Present  and  Possible  Future  State  of  the  Coal  Trade. 

The  Natal  coal  industry  is  of  course  extremely  young — in  fact  it  may 
be  regarded  as  not  more  than  four  years  old.  The  unavoidably  limited 
demand  at  the  beginning  of  the  industry  has  been  a  check  on  its  develop- 
ment, but  it  now  exceeds  the  supply. 

On  that  question,  as  well  as  that  of  transport,  His  Excellency  the 
Governor  expressed  himself  at  the  opening  of  the  Legislative  Council  on 
the  5th  of  May,  1892,  as  follows: — "The  supply  of  coal  for  export  is 
assuming  such  proportions  that  it  will  probably  be  necessary  ere  long  to 
take  into  consideration  the  possibility  of  increasing  the  canwing  capacity 
of  our  railway." 

There  are  so  many  stations  on  the  Indian  Ocean  where  a  considerable 
tonnage  of  coal  is  actually  supplied  at  higher  prices,  and  in  no  better 
quality  than  procurable  from  Natal,  and  where  it  will  be  permanently 
required,  that  it  is  a  natural  inference  to  say,  as  above,  that  the  demand 
for  Natal  coal  will  be  limited  only  by  the  ability  of  their  collieries  to 
supply  it. 

The  present  import  duty  on  all  coal  or  coke  entering  the  Transvaal, 
viz.,  1 5s.  per  1 00  lbs.  weight,  which  practically  prohibits  the  introduction 
of  coal  into  that  country,  where  large  quantities  of  local  and  inferior  coal 
are  used  at  the  gold  and  silver  mines,  and  for  gas-making  at  Johannes- 
burg. But  with  the  extension  of  the  Natal  railways,  which  is  now  being 
negotiated,  and  the  formation  of  a  Customs  Union  of  all  the  South  African 
States,  there  can  be  no  doubt  that  this  present  onerous  duty  will  be 
abolished  ;  such  an  abolition  would  enormously  increase  the  output  of 
coal,  and  give  a  great  impetus  to  trade  generally. 

The  Natal  Government  Railways  are  using  local  coal,  thereby  effecting 
a  very  considerable  saving  in  working  expenses. 

The  following  are  the  quantities  supplied  by  various  collieries  to  the 
railway  for  18  months  ending  November  2Gth,  1889  : — 

Tons. 

Elands  Laagtc  colliery  ...         ...         ...         ...  9,.o(>l 

Still's                     „          63^ 

llamsay's               ,,          ...         ...  5,.S20 

Wallsend               ,,          974 

Dundee                  „          37,112 

Acol                        ,,          12 

Lennoxton            ..          ...         ...         ...         ...  2.349 


Total  56,016 

The  coal  is  used  for  domestic  and  for  manufacturing  pui*poses.     It  is 
also  sui^plied  to  many  steamers  in  the  bay  at  Durban  at  about  20s.  per 
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tou.  Duriag  the  year  eudiiiy;  June  30bh,  1890,  548  tons  were  exported; 
1891, 19,923  tons ;  and  in  1892,  30,000  tons  were  absorbed  for  bunkering 
and  export  purposes.  In  1890,  81,000  tons  of  coal  were  raised,  or  more 
than  double  the  output  of  1889;  in  1891,  93,551  tons;  and  in  1892, 
118,932  tons. 

There  appears  to  be  no  reason  why  the  bunkering  trade  alone  should  not 
exceed  80,000  tons  j^er  annum.  For  an  export  trade,  however,  Xatal  will 
have  to  compete  with  English  coal  at  the  Cape  ports  and  with  Australian 
coal  at  the  Mauritius.  The  possibilities  of  the  case,  however,  are  un- 
doubtedly in  favour  of  Xatal  coal  being  sold  at  these  ports.  The  Pungwe 
river  (recently  established)  and  Delagoa  Bay  are  possible  markets,  but  the 
demand  at  the  latter  place,  however,  amounts  only  to  4,000  tons. 

The  price  at  the  pit's  mouth  has  greatly  fallen  during  the  last  two 
years,  and  is  now  under  10s.  per  ton.  A  director  of  one  of  the  principal 
coal  companies  has  stated  that  the  cost  of  raisuig  coal  during  one  month 
(September,  1890)  was  6s.  8d.  per  ton  of  round  coal,  wliich  has  been 
reduced  since  then. 

The  Natal  Government  Railway  conveys  coal  at  a  fixed  rate  of  |d. 
per  ton  per  mile,  with  a  minimum  rate  of  2s.  jDcr  ton.  All  coke  and 
briquette  fuel  entering  the  colony  is  chargeable  with  duty  at  the  rate  of 
3s.  per  ton.  Mining  and  other  machinery  is  admitted  free  of  duty  and 
conveyed  at  the  lowest  goods  rate,  viz.,  £3  5s.  and  £5  per  ton  respectively. 

Climate. 

The  climate  of  Natal  varies  considerably,  and  although  it  is  nearer 
the  tropics  than  Cape  Colony,  its  mean  annual  temj^erature  is  scarcely 
higher. 

At  Durban  the  highest  temperature  in  the  shade  in  September,  1890, 
was  110  degs.  Fahr.,  which  was  very  exceptional ;  the  lowest  being  47  degs. 
in  July.  In  Newcastle  the  highest  temperature  in  the  shade  last  summer 
(at  Christmas)  was  96  degs.,  and  the  lowest  showed  about  10  degs.  of 
frost  in  July.  The  winter  is  bright  and  dry,  and  cold  at  night  in  the 
uplands  ;  whUe  the  summer  heat  is  tempered  by  a  cloudy  sky,  and  almost 
daily  thunderstorms  and  heavy  rains. 

Population. 
By  the  census  of  1891  the  population  wis  returned  as: — Europeans, 
mainly  British,  46,788  ;  Indians,  41,142  ;  natives,  455,983. 

Labour. 
Both  coolie  and  native  labour  is  used  in  mining  operations,  opinions 
differing  as  to  which  is  the  best.     The  native  labour  is  very  unreliable,  as 
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the  "  boys  "  will  not  remain  at  their  work  more  than  a  few  months  at  a 
time,  though,  if  well  treated,  they  retm'n  again  and  again.  Coolies,  on  the 
other  hand,  can  be  indentured  for  a  fixed  period,  but  such  as  have  as  yet 
been  introduced  into  the  colony  have  not  proved  so  successful  in  the  mines 
as  on  the  railroads  or  sugar-cane  fields. 

The  writer  is  of  opinion  that  the  right  caste  has  not  hitherto  been 
introduced  for  mining  work.  Particulars  as  to  wages,  etc.,  have  already 
been  given  under  the  heading  of  the  Hamsay  mine  and  Dundee  colliery. 
White  labour  is  scarce  and  very  dear. 

The  price  of  mealies  (Indian  corn),  the  chief  article  of  food  with  the 
natives,  varies  very  greatly.  The  cost  of  feeding  natives  usually  averages 
about  10s.  jier  head  per  month,  but  in  1889,  on  account  of  the  famine 
price  of  mealies,  it  cost,  in  Durban,  about  £1  10s.  a  head  per  month. 

Timber. 

Natal  cannot  be  considered  a  well-wooded  country,  for  with  the  excep- 
tion of  the  coast-lands  and  in  the  kloofs  of  the  Drakensberg  range,  the 
country  is  very  bare  in  this  respect.  Arboriculture,  however,  has  of  late 
years  been  taken  up  to  some  extent,  and  certain  kinds  of  trees  are  found 
to  grow  very  well. 

The  trees  most  planted  are  pines  (Pinus  in.'<if/nis)  being  most  suited 
for  mine  timber,  as  well  as  being  ornamental ;  black  wattle  f  Acacin 
(Jen/rrem,  variety  moUi.'<sima)  on  account  of  its  bark,  used  for  tanning- 
purposes,  and  gum  trees,  especially  the  blue  gum  ( Eucalyptvs  (jlohulus). 
The  rate  of  growth  of  these  latter  trees  is  most  remarkable  (see 
Appendix  E). 

Owing  to  the  strong  character  of  the  roof,  in  no  mine  that  the  writer 
visited  did  he  see  many  props.  In  fact,  in  the  Dundee  and  Newcastle 
mines  hardly  a  prop  was  used. 


APPENDIX  A. 

In  pursuance  of  the  request  of  the  Commissioner  of  Mines,  the  writer  visited  an 
alleged  discovery  of  oil-shale  and  coal,  cropping  out  on  the  side  of  one  of  the  hills 
forming  the  Marotshiya  ridge  (Figs. !)  and  10,  Plate  XXIV.)  between  the  Umkomanzi 
and  Lotini  rivers,  in  the  county  of  Pietermaritzsburg,  in  January,  1892.  This 
turned  out  to  be  a  black-and-grey  carbonaceous  shale-bed,  about  19  feet  thick,  but 
hardly  an  oil-shale ;  layers  of  bright  shining  coal,  about  half  an  inch  thick,  were 
interstratificd  with  the  shale. 

Geologically,  the  discovery  of  this  carbonaceous  stratiim  was  of  great  interest, 
as  proof  that  in  all  probability  coal  of  a  workable  thickness  existed  in  the  district. 
Owing  to  the  extreme  variableness  of  the  coal-measures  of  the  colony  it  is  quite 
possible  that  this  carbonaceous  bed  may  at  some  other  point  contain  considerably 
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more  coal  than  at  Antel's  discovery,  and  in  a  more  regularly  stratified  condition. 
The  writer  regrets  that  he  was  unable  to  devote  time  enough  to  visit  Mileman's 
discovery,  where  he  was  informed  the  coal  was  much  more  developed  than  at 
Antel's. 

It  may  be  worthy  of  remark  to  state  that  the  base  of  the  coal-measures  in  the 
Impendhla  district  is  at  least  l.OOO  feet  above  the  base  in  the  Newcastle  district. 
Commencing  at  Pietermaritzbuvg  (where  the  altitude  is  2.218-4  feet)  we  are  on  the 
Pietermaritzburg  Shales  ;  near  the  summit  of  Edendale  Hill  the  upper  beds  of  the 
series  are  found,  characterized  by  the  bright  red  and  variegated  colour  of  the  shales 
and  by  beds  of  light-coloured  concretionary  sandstone,  which  latter  presents  very 
curious  weathering  effects. 

The  office  of  the  administrator  of  native  law  in  the  Impendhla  location  is  situate 
at  about  the  base  of  the  coal-measures,  the  altitude  being  (by  aneroid)  5,190  feet  or 
2,310  feet  above  Pietermaritzburg.  The  coal-measures,  which  were  discovered  for 
the  first  time  during  the  journey  at  the  Impendhla,  are  easily  located  by  their 
horizontal  position  and  difference  in  colour  from  the  lower  rocks.  Although  the 
Pietermaritzburg  Shale  series  was  here  and  there  traversed  by  dioritic  dykes,  it  was 
very  noticeable  that  on  approaching  the  coal-measures  and  nearing  the  Drakensberg 
range,  these  became  more  numerous  and  so  plainly  visible  that  the  writer  was  able 
to  trace  some  of  them  for  several  miles. 

Ihe  writer  made  a  rough  section  of  the  Impendhla  hill,  which  is  shown  in  P'ig.  11, 
along  the  line  C  D,  in  Fig.  9,  Plate  XXIV. 


APPENDIX  B. 

Sections  of  Boreholes,  etc.,  made  by  the  Southern  Cross  Coal 
Mining  Syndicate  (Fig.  4,  Plate  XXIV.). 
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d. — BOKEHOLE. — Continued. 
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APPENDIX  C. 
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APPEXDIX  D. 

Journal  of  Borings  on  the  Ballengeich  Farm. 
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APPENDIX    E. 

In  Mr.  H.  G.  Fourcade's  "Report  on  the  Natal  Forests"  to  the  Colonial 
Government,  1881),  we  find  the  following  particulars  as  to  the  growth  of  gums  in  the 
vicinity  of  Pietermaritzburg : — '•  Production  of  wood.  In  the  case  of  gums  the  rate 
of  growth  may  be  ascertained  accurately,  as  there  are  suiiicieutly  old  plantations  of 
the  kin  I  in  Natal.  Mr.  Topham's  plantation  near  Pietermaritzburg  may  be  taken 
to  be  a  fairly  average  one.  Thj  oldest  plot  —40  acres  in  area — is  seventeen  years 
old,  and  consists  of  mixed  Eiietilijptus  gloh'.ilini,  Eii.  longifolia,  and  I'Ju.  rostrata, 
the  rate  of  growth  of  each  appearing  not  to  differ  widely.  The  trees  are  planted 
12  feet  apart,  so  that  there  are  302  to  the  acre ;  they  average  4  feet  10  inches  in 
girth  at  3  feet  from  the  ground,  and  115  feet  in  height  .  .  .  the  contents  of 
each  tree  average  96'3  cubic  feet  and  standing  stock  per  acre  29,083  cubic  feet, 
representing  a  yearly  increment  of  1,711  cubic  feet  per  acre.  The  weight  of  a  cubic 
foot  of  Eu.  globulus  (dry  wood  with  bark)  averages  401bs."  To  Mr.  Topham,  who 
has  made  a  study  of  the  subject  for  many  years,  the  writer  is  indebted  for  much 
general  information  relating  to  arboriculture  in  the  colony. 

Intlividual  trees  of  Pinun  aiaignis,  growing  near  Howick,  show  an  average  yearly 
increase  of  6  inches  in  girth,  attaining  a  height  of  -15  feet  in  ten  or  twelve  years. 


APPENDIX  F. 

When  boring  on  the  Walmsley  farm  (Fig.  3,  Plate  XXIV.),  all  the  holes  were 
drilled  by  contract,  a  hand-worked  diamond  drilling  machine  being  employed  in 
this  as  in  all  other  borings.  The  price  paid  was  10s.  per  foot  for  the  first  100  feet, 
and  15s.  per  foot  for  the  second  100  feet ;  all  loss  of  diamonds,  break  down  of 
machinery,  etc.,  being  borne  by  the  contractor. 

Mr.  Clayton,  the  contractor,  informed  the  writer  that  he  had  obtained  the 
following  results  in  the  Newcastle  district  : — 

Holes  drilled,  11. 

Extreme  distance  apart,  5  miles. 

Total  length  drilled,  1,H4  feet. 

Total  working  days,  50. 

Total  working  hours  per  day,  10'5. 

Average  depth  drilled  per  day,  22-88  feet. 
The  only  labour  used  was  Zulu  or  Swazi-Kafii-. 

When  boring  on  Ballengeich  farm,  the  writer  had  the  use  of  the  Government 
drills  on  paying  labour  and  upkeep.  The  cost  per  foot  was  3s.  6d.,  but  in  this 
case  he  personally  superintended  everything.  All  the  holes  were  IJ  inches  in 
diameter. 


APPENDIX  G. 

Report  upon  Natal  Coals,  by  E.  Nevill,  F.I.C,  F.C.S.,  etc.,  etc., 

Government  Chemist  and  Official  Assayer  foe  Natal. 

I. — Scheme  of  Analysis. 

The  technical  examination  of  a  coal  may  be  divided  into  five  sections,  as 
follows  : — («)  The  general  analysis  ;  (&)  the  quantitative  determination  of  the  prin- 
cipal constituents;  (c)  the  examination  of  the  physical  character;  {d)  the  determin- 
ation of  the  efficiency  as  fuel;  (e)  the  examination  of  special  properties. 
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(a)  The  first  of  these  five  divisions  comprises  the  cletermiaation  of  the  amount 
of:— i.,  moisture;  ii.,  volatile  hydrocarbons;  iii.,  fixed  hydrocarbons;  iv.,  sulphur 
(total);  v.,  ash. 

The  determination  of  these  five  quantities  forms  the  general  analysis  of  the 
coal,  and  serves  to  indicate  its  character  and  probable  value  as  a  fuel  or  for  manu- 
facturing or  for  metallurgical  purposes. 

The  moisture  usually  ranges  between  1  and  3  per  cent. 

The  volatile  hydrocarbons  vary  in  quantity  from  under  15  per  cent,  in  anthracite 
coals  to  over  10  per  cent,  in  bituminous  coals,  and  form  the  portion  of  the  coal 
giving  rise  to  the  flame  and  smoke. 

The  fixed  hydrocarbons,  or  the  coke  free  from  ash,  constitutes  the  portion  of  the 
coal  from  which  is  derived  the  greater  part  of  its  heating  power.  In  anthracite 
coals  the  fixed  hydrocarbons  usually  amount  to  over  8U  per  cent,  of  the  coal,  whilst 
in  the  bituminous  coals  the  amount  falls  to  less  than  50  per  cent. 

The  total  amount  of  sulphur  present  in  a  coal  is  one  of  the  most  important 
factors  in  determining  the  value  of  a  coal.  In  the  better  class  of  English  coals  it 
varies  between  f  per  cent,  and  1|  per  cent. 

The  ash,  or  mineral  constituents,  of  the  coal  should  not  exceed  10  per  cent.,  the 
better  class  of  English  coals  having  rather  less  than  half  this  amount. 

The  sum  of  these  five  quantities  will  be  found  to  exceed  100,  this  apparent 
anomaly  being  due  to  the  fact  that  the  ash  found  on  burning  the  coal  is  really 
larger  than  the  real  inoiganic  constituents  of  the  coal,  and  includes  a  portion  of  the 
sulphur  and  carbon  independently  reckoned  under  other  heads. 

(?>)  The  second  division  affords  the  data  for  determining  the  constitution  of  the 
coal,  and  thus  ascertaining  its  true  value.     It  may  be  subdivided  into: — 

Organic  constituents — vi.,  carbon  :  vii.,  hydrogen  ;  viii.,  nitrogen  and  oxygen; 
ix.,  sulphur. 

The  actual  efficiency  of  a  coal  depends  on  the  amount  of  carbon  and  hydrogen 
that  it  contains,  as  it  is  the  combustion  of  these  constituents  which  generates  the 
heat  evolved  on  burning.  They  form  over  85  per  cent,  of  the  best  class  of  coals. 
The  amount  of  nitrogen  and  oxygen  are  of  lesser  importance,  it  mainly  serving  to 
indicate  the  character  of  the  coal.  The  proportion  of  sulphur  which  exists  in  the 
coal  in  combination  with  the  organic  constituents  is  important,  because  this 
portion  of  the  total  amount  of  sulphur  exerts  far  less  injurious  effect  than  that 
which  is  present  as  pyrites. 

The  sum  of  these  four  percentages  constitutes  the  organic  or  true  coal,  and  the 
ratio  of  the  fixed  to  the  volatile  hydrocarbons  serves  to  indicate  the  real  natui'e  of 
the  coal.  In  anthracite  coals  the  ratio  usually  exceeds  i  to  1,  whilst  in  the 
bituminous  coals  it  is  generally  less  than  2  to  1. 

The  second  sub-division  is  : — 

Inorganic  constituents — x.,  sulphur  as  pyrites  ;  xi.,  sulphur  as  sulphates  ;  xii., 
iron  as  pyrites;  xiii.,  iron  as  ash :  xiv..  pyrites  (total). 

These  inorganic  constituents  are  of  less  importance,  the  only  one  possessing 
special  value  being  the  amount  of  sulphur  existing  as  pyrites,  as  it  is  under  this 
form  it  exerts  most  injurious  effects.  The  sulphur  as  sulphates  is  quite  uninjurious. 
•  The  total  amount  of  pyrites  is  always  slightly  greater  than  the  sum  of  the  sulphur 
and  iron  existing  as  pyrites,  as  the  pyrites  always  contain  a  small  quantity  of  other 
constituents. 

(o)  The  principal  physical  data  required  for  the  determination  of  the  character 
and  value  of  a  coal  consist  of  : — (a)  specific  gravity ;  and  (b)  hardness  ;  (c) 
friability;  (d)  relative  cleanliness  :  (e)  co-efficient  of  deterioration. 

The  four  last  of  these  are  measured  on  an  arbitrary  centesimal  scale,  the  quality 
being  denoted  by  some  decimal  number  between  0*00  and  TOO. 
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The  specific  gravity  gives  the  weight  of  a  given  volume  of  coal  when  the  weight 
of  an  equal  volume  of  water  is  taken  for  unity.     The  greater  the  specific  gravity 
the  larger  the  weight  of  coal  which  can  be  stored  or  carried  in  the  same  space. 

The  hardness  of  a  coal  is  measured  on  a  scale  which  makes  0*10  represent  a  soft 
imperfect  coal,  and  0*90  denote  a  hard  stone-like  coal. 

The  friability  or  propensity  to  bieak  up  into  small  pieces  is  measured  on  a  scale 
which  makes  Q-IO  represent  a  strong  stone-like  coal,  and  0*90  denote  a  soft  crumbling 
coal,  easily  broken  up  in  the  fingers. 

The  relative  cleanliness  is  measured  on  a  scale  which  makes  O'lU  represent  a  coal 
full  of  cavities  filled  with  sandy  clay  ami  carrying  scattered  masses  of  shale,  clay, 
etc.,  whilst  O-'JO  denotes  a  homogeneous  clean  coal,  free  from  all  signs  of  foreign 
matter.     No  coal  can  be  called  clean  which  does  not  come  up  to  0*80  on  this  scale. 

The  co-efficient  of  deterioration  measures  the  stability  of  a  coal  or  its  power  of 
resisting  the  injurious  effects  of  exposure  to  air,  moisture,  and  variations  of  climate. 
On  this  scale  O'lO  represents  a  coal  little  altered  by  long  exposure,  whilst  0"90  denotes 
a  coal  which  is  quickly  spoilt. 

(rf)  Under  the  head  of  efficiency,  there  have  been  placed  the  results  obtained 
for  judging  of  the  value  of  the  coal  by  practical  trial  with  an  experimental  boiler 
and  furnace.     These  results  may  be  divided  under  the  heads  : — (1)   evaporative 
power ;  (2)  residue ;  (3)  smoke ;  (4)  character  of  fire. 

Under  the  head  of  evaporative  power  is  given  the  pounds  of  water  converted 
into  steam  by  one  pound  of  coal,  and  the  number  of  pounds  of  coal  that  can  be 
economically  burnt  per  square  foot  of  fire-grate  area.     Upon  the  scale  adopted,  the 
evaporative  power  of  the  principal  coals  may  be  taken  as  approximately  : — 

Lbs. 
Anthracite  (best)  coals       ...         ...         ...         10*5 

Best  Welsh  steam  navigation  coals  ...         10*0 

Welsh  steam  coals     ...         ...  9"5 

North  country  ...         ...         ...         ...  8'8 

Yorkshire  hard  steam  coals  ...         ...  8'3 

Scotch  steam  coals    ...         ...         ...         ...  S'O 

Lancashire  coals       ...         ...         ...  ...  7*8 

With  regard  to  the  speed  with  which  a  coal  should  be  capable  of  being  burnt 
with  economy  and  completeness,  it  should  not  be  less  than  18  lbs.  of  coal  per  hour 
per  square  foot  of  fire-grate  area,  and  it  is  desirable  that  it  should  be  over  20. 

The  amount  of  residue  left  by  a  coal  on  burning  should  not  exceed  15  per  cent., 
and  it  consists  usually  of  about  equal  parts  of  clinker  and  ashes. 

The  smoke  is  given  on  the  Admiralty  scale,  according  to  which  : — 

0  =  No  smoke. 

1  =  Smoke  just  visible. 

2  =  Light  brown  smoke  fully  visible. 

3  =  Brown  smoke,  sky  visible  through  smoke. 

4  =  Dark  brown  smoke,  nearly  opaque. 

5  =  Dark  brown  smoke,  opaque. 

6  =  Black  smoke. 

7  =  Dense  black  smoke. 

The  heading,  character  of  fire,  needs  no  explanation. 

ie)  The  only  point  considered  under  this  heading  is  the  coke  left  by  the  coal,  but 
so  much  depends  upon  the  method  by  which  the  coke  is  made,  and  the  examination 
has  been  restricted  to  determining  whether  or  not  the  coal  is  capable  of  giving  a 
true  coke. 
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II.— Desckiptiox  of  Walmsley  Coal. 

A  single  sample  (of  about  2  cwts.)  from  this  property. 

It  was  taken  from  the  upper  portion  of  the  seam  above  the  separating  band 
of  black  shale,  from  near  the  outcrop,  where  the  coal  has  become  much  weathered. 

It  is  a  hard  compact  greyish  coal  with  a  silky  lustre,  breaking  with  a  semi- 
conchoidal  fracture  into  rhomboidal  masses,  and  containing  small  cavities  filled 
with  sandy  clay.  The  surface  of  the  coal  and  the  cleavage  planes  were  stained 
yellow  from  the  oxidation  of  the  thin  films  of  grey  iron  pyrites  carried  by  the  coal. 


(«)    General  Anul ij-si----. 
Moisture 

Volatile  hydi  ocarbons 
Coke  ... 
SuJphur 
Ash 


Per  Ceut. 

2-73 

29-54 

53-40 

1-17 

14-00 


Sum           100-84 

(J)   Constitution. 

Organic  Constituent's — 

Carbon          70-91 

Hydrogen     4-73 

Nitrogen  and  oxygen         ...  6-35 

Sulphur        0-62 

Sum  (true  organic  coal)  ...         ...  82-61 

Volatile  hydrocarbons       ...  35-50 

Fixed  hydrocarbons           64-50 

Ratio 1-81 

Inorganic  Const itvent-s — 

Sulphur  as  pyrites ...         ...  0-49 

Do.     as  sulphates         ...         ...         ...  0"06 

Iron  as  pyrites        0-43 

Do.  as  ash 0-23 

Pyr-ites  (total)          0-92 

Easily  oxidised  sulphur 0-08 

((•)  Phijxical  data. 

Specific  gravity       ...         ...         1-463 

Hardness      0-45 

FriabUity      0-40 

Eelative  cleanliness           0-75 

Coefficient  of  deterioration           0-20 

(J)  Efficiency. 

EcajHiratire  pouer — 

Pounds  of  water  evaporated  per  pound  of 

coal            900 

Pounds  of  coal  burnt  per  hour  per  square 

foot  of  grate  area           ...         ...        ...  1800 

Sesidne  (in  percentages) — 

Clinker          8-45 

Ash -  ^-22, 
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SiiiuJiC  (in  Adniiraltv  scale  numbers) —  PerCeut 

Maximum     ...         ...         ...         ...         ...  1-40 

Mean             060 

Percentage  of  time  when  no  smoke        ...  80-00 

Character  of  Fire. — Coal  lights  fairly  well,  and  burns  with  a  little  flame 
to  a  dull  red  mass.  Burns  better  under  a  forced  draught,  yields  a 
good  deal  of  soft  shaly  clinker,  which  does  not  adhere  to  the  bars, 
and  a  quantity  of  soft  grey  ash. 

(r)  Cohe. — Yields  a  cindery  black  coke,  soft  and  friable,  and  of  very  indifferent 
quality. 


The  Chairmax  said  he  was  glad  to  be  able  from  a  personal  acquaint- 
ance with  the  coal-field  described  to  speak  of  the  value  of  this  paj)er, 
because  at  the  present  time  the  key  to  the  supply  of  coal  to  vessels  in  that 
part  of  the  world  was  no  doubt  the  coal-field  found  in  Natal.  The  coal- 
seams  were  most  puzzling,  and  gave  rise  to  two  conflicting  and  opposite 
opinions — one  suggesting  that  the  seams  were  as  continuous  as  those  of 
European  and  American  coal-fields  ;  and  another  of  contrary  opinion,  and 
he  (the  Chairman)  from  his  own  observation  agreed  with  the  latter.  It 
was  absolutely  necessary  to  prove  the  entire  area  of  a  coal-field  before  they 
could  say  it  was  continuous.  Another  difficulty  in  this  colony  Avas  the 
manner  in  which  they  had  laid  out  their  railways.  Severe  gradients  and 
curves  had  prevented  its  natural  development,  and  they  must  now  face  the 
cost  of  duplicating  the  single  line.  Probably  the  cheapest  and  best  way 
would  be  to  form  another  railway  to  the  coast.  There  was  further 
difficulty  at  the  port,  ships  having  to  lie  off  a  considerable  distance  from 
the  coast,  evei'ything  being  loaded  over  the  side.  He  noticed  in  the  paper 
that  "the  authorities  have,  however,  under  consideration  the  erection  of 
hydraulic  tipping-appliances  designed  by  Sir  W.  Gr.  Armstrong,  Mitchell, 
&  Co.,  to  suit  the  20  tons  trucks  of  the  Natal  Government  Railway,  which 
will  greatly  reduce  the  cost  of  coaling."  In  his  opinion  the  20  tons  trucks 
and  the  shipping  arrangements  would  require  reconsideration.  The  coal 
industry  of  Natal  might  not  affect  this  country  materially  as  a  competitor, 
but  it  was  valuable  as  a  means  of  coaling  English  ships  in  the  Indian 
Ocean,  and  he  considered  the  extent  of  the  available  coal  would  warrant 
the  energetic  development  which  the  colonials  were  making. 

Mr.  T.  E.  FoRSTER  said  that  although  he  was  not  acquainted  with 
this  particular  coal-field,  there  were  several  points  which  appeared  to 
agree  with  mining  experiences  in  other  colonies ;  for  instance,  the  leaving 
of  small  pillars.  Had  there  been  any  difficulties  in  consequence  of 
this  ?      In  Australia,  where  the  coal-seams  ajipeared  to  be  somewhat  the 
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same,  so  far  as  general  conditions  were  concerned,  there  was  difficulty  in 
getting  pillars,  left  many  years  ago,  without,  in  many  cases,  bringing  on  a 
serious  crush.  The  railway  mileage  rates  compared  favourably  with  other 
countries  of  the  same  kind.  With  regard  to  the  export  trade  they  might 
often  be  able  to  supply  the  coal  at  a  cheaper  rate  to  certain  stations, 
where  there  was  a  demand  for  it,  but  it  was  often  found  that  such  trade 
did  not  depend  so  much  on  price  as  on  the  possibility  of  obtaining  tonnage 
to  carry  it.  Vessels  would  always  go  where  best  paying  freights  took 
them,  and  consequently  it  might  be  difficult  to  oiTy  on  an  export  trade 
with  sufficient  steadiness  to  suit  regular  customers. 

Mr.  W.  Cochrane  asked  !Mr.  Redmayne  to  give  the  quoted  prices  of 
Australian  and  English  coals  in  the  competing  markets  mentioned  in  his 
paper  ? 

Mr.  JoHX  BiGLAXD  said  the  writer  described  the  deposits  as  aqueous. 
Did  he  mean  marine  or  freshwater  deposits?  They  had  very  few 
papers  with  regard  to  coal-fields  in  the  Triassic  system,  and  it  was  some- 
what new  to  many  of  them.  He  was  prepared  to  believe,  after  hearing 
the  pajxjr,  that  it  was  a  marine  deposit,  and  that  the  coal  had  been 
deposited  as  drift  in  the  same  way  as  Continental  geologists  asserted. 

Mr.  M.  "Walton  Brown  asked  whether  the  analyses  given  were  the 
results  of  average  samples  of  the  seam,  or  from  picked  portions  of  the  coal 
separated  from  stone  ? 

j\[r.  Redjuyne  said  they  ^vere  from  an  average  sample,  but  without 
band. 

Mr.  Cochrane— A  sample  of  the  marketable  coal? 

Mr.  Redmayne — Yes. 

;Mr.  Redmayne,  replying  to  the  discussion,  said  there  was  some  talk 
of  doubling  the  railway,  but  it  was  regarded  as  impossible,  the  bridges 
being  only  made  for  a  narrow-gauge  (3g  feet)  railway,  and  it  would  be 
found  cheaper  to  make  an  independent  railway  to  Durban.  Subsidences 
had  taken  place  owing  to  attempts  made  to  remove  the  thin  pillars ;  he 
had  been  asked  and  had  recommended  certain  precautions  being  taken 
during  the  removal  of  such  pillars,  but  his  views  were  not  accepted  at  the 
time. 


On  the  motion  of  the  Chairman  a  vote  of  thanks  was  accorded  to 
Mr.  Redmayne,  and  discussion  of  the  paper  was  adjourned. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL   MEETING, 

Held  in  the  Wood  Memoeial  Hall,  Newcastle-upon-Tyne, 

June   10th,  1893. 


Mr.  J.  B.  SIMPSON,  Peesident,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  of  May  27th 
and  of  that  day. 

The  Secretary  read  the  Balloting  List  for  the  election  of  officers  for 
the  year  1893-94. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated  : — 

Members — 

Mr.  H.  M.  Becher,  Mining  Engineer,  9,  D'Almeida  Street,  Singapore. 

Mr.  J.  C.  S.  Beynon,  Civil  and  Mining  Engineer,  P.O.  Box  1361,  Johannes- 
burg, Transvaal. 

Mr.  George  Davey,  Mining  Engineer  and  Metallurgist,  Ferro-carril  Michoa- 
can  y  Pacifico,  Maravatio,  Mexico. 

Mr.  Stanley  H.  Ford,  Mine  Agent,  Stolzenfels,  Great  Namaqualand,  South 
Africa. 

Mr.  Thomas  Gilcheist,  Mining  Engineer,  Manor  House,  Penshaw. 

Mr.   Geoege   Linday,   Colliery   Manager,   Blackett    Colliery,    Haltwhistle, 
Northumberland. 

Mr.  William  Eenest  Lishman,  M.A.,  Viewer,  Bunker  Hill,  Fence  Houses. 

Mr.  J.  S.  Quirk,  Metallurgist,  St.  Helens  Lead  Smelting  Works,  St.  Helens, 
Lancashire. 

Mr.  F.  George  Shaw,  Mining  Engineer,  London. 

Mr.  Edmund  Spaego,  Mining  Engineer,  3,  Cable  Street,  Liverpool. 

Mr.  Charles  Robert  Western,   Engineer,    Broadway    Chambers,  West- 
minster, London,  S.W. 

Mr.  Joseph  Henry  Woolcock,   Civil  and  Mining  Engineer,  49,  Lowther 
Street,  Whitehaven. 

Associate  Members — 
Mr.  G.  A.  Ferguson,  Editor  of  the   Minhig    Journal,    18,    Finch    Lane, 

London,  E.C. 
Mr.  Henry  M.  James,  General  Manager,  Colliery  Office,  Whitehaven. 
Mr.   Harry   Page    Woodward,    Government    Geologist,    Perth,    Western 

Australia. 
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Associates — 

Mr,  James  Bainbridge,  Under  Manager,  North  Walbottle  Colliery, 
Newcastle-upou-  Tyne. 

Mr.  EOBEET  Emeeson,  Engineer,  Tudhoe  Colliery,  Spennymoor. 

Mr.  Alexa^'DEB  A.  James,  Under  Manager,  Croxdale,  near  Durham. 

Mr.  John  W.  Thompson,  Colliery  Surveyor,  Backworth  Colliery,  Newcastle- 
upon-Tyne. 

The  following  gentlemen  were  nominated  for  election  : — 

HoKOBAEY  Member — 
Professor  John  Herman  Merivale,  Professor  of  Mining,  Durham  College  of 
Science,  Newcastle-upon-Tyne. 

Members — 

Mr.  Archibald  Thomas  Brown,  Mining  Engineer,  372,  Flinders  Lane,  Mel- 
bourne. 

Mr.  Westgarth  Forster  Brown,  Mining  Engineer,  Alston  House,  Parade, 
Cardiff. 

Mr.  Richard  Eck,  Mining  Engineer,  Beaconsfield,  South  Africa. 

Mr.  Joseph  Gouldie,  Mining  Engineer,  Kimberley,  South  Africa. 

Mr.  Joseph  Hakgreaves,  Colliery  Manager,  Gwaun  Cae  Gurwen  Collieries, 
Brynamman,  R.S.O. 

Mr.  John  Holt,  Jun.,  Civil  and  Mining  Engineer,  The  Hollies,  Heywood, 
Lancashire. 

Mr.  Edward  Hopper,  Engineer,  c/o  Messrs.  Lewis  &  Marks,  Coal  Mines, 
Vereeneging,  Transvaal. 

Mr.  John  Wilson  Richmond  Lee,  Mining  Engineer,  Potes,  Provincia  de 
Santander,  Spain. 

Mr.  J.  B.  Robinson,  Mining  Engineer,  Hedley  HiU  Colliery,  Waterhouses. 

Mr.  Walter  Rowley,  Mining  Engineer,  20,  Park  Row,  Leeds. 

Mr.  Thomas  Birch  Freeman  Sam,  Mine  Manager,  Adjah  Bippo,  West  Coast, 
Africa. 

Mr.  Joseph  Scott,  Mining  Surveyor,  Newcastle  Street,  Stockton,  near  New- 
castle, New  South  Wales. 

Associate  Member — 
Mr.  George  Thomas  Duncan,  Engineer  and  Agent,  110,  Dilston  Road,  New- 
castle-upon-Tyne. 

Associates — 
Mr.  Evan  Cockburn,  Back  Overman,  Page  Bank  Colliery,  via,  Willington, 

Co.  Durham. 
Mr.  William  Henderson,  Engineer,  Wheatley  Hill  Colliery,  via  Trimdon 

Grange. 
Mr.  Moses  Hobson,  Under  Manager,  Shildon,  via  Darlington. 


Mr.  Edward  Halse  read  the  following  paper  on  "  The  Gold-bearing 
Veins  of  the  Orgauos  District,  Tolima,  U.S.  Colombia." 
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THE  GOLD-BEARING  VEINS  OF  THE  ORGANOS  DISTRICT, 
TOLIMA,  U.S.  COLOMBIA. 


By  EDWARD   HALSE. 


Introduction. 

Organos  is  a  small  Indian  village  lying  in  a  Galley  near  the  pass  of 
Chiflon,*  one  long  day's  mnle-ride  south-west  of  Aipe,  and  about  the 
same  distance  north-west  of  Neyva — both  towns  on  the  upper  Magdalena 
river,  Savanilla  is  the  port  for  this  river,  which  runs  between  the  eastern 
and  central  Cordilleras  of  the  Andes  northward  to  the  Caribbean  Sea.  The 
Magdalena  river  is  navigable  for  light-draught  steamers  as  far  as  Honda 
(fi50  feet  above  the  sea),  where  the  first  rapids  are  met  with,  a  distance 
of  about  550  miles  from  the  coast.  Above  Honda  smaller  steamers  ascend 
to  Girardot,  the  port  for  the  capital,  Santa  Fe  de  Bogota  (8,300  feet)  on 
the  eastern  side,  and  for  Ibague  (4,300  feet)  on  the  western  side  ;  and, 
during  the  wet  season,  to  Neyva  (1,200  feet),  about  700  miles  in  the 
interior. 

The  Andes  in  Colombia  are  divided  into  three  ranges  or  cordiUeras. 
These  are  spread  out  considerably  northward,  but  run  close  together  to 
the  south.  The  central  cordillera  is  par  excpUenrp,  the  metalliferous  one. 
The  mines  of  the  Organos  district  are  situated  on  its  eastern  flank.  To 
reach  these  from  the  Magdalena  river  one  has  to  cross  the  Chiflon  Pass 
over  a  singularly  l)old  and  serrated  range  running  north-and-south  to  the 
west  of  Aipe  and  Neyva.  The  range,  rising  from  7,000  to  8,000  feet  above 
sea-level,  is  composed  of  highly-inclined  beds  of  a  hard  red  conglomerate 
alternating  with  sandstone,  whose  trend  is  parallel  to  the  axis  of  the 
range,  and  whose  dip  is  eastward.  The  formation  is  said  to  be  of  Triassic 
age. 

Owing  to  the  hardness  of  the  rocks  and  the  steepness  of  the  mountain- 
sides, the  road  over  the  Chiflon  Pass  is  one  of  the  worst  in  Colombia,  bad  as 

*  A  chiflon  is  (1)  stagnant  water  into  which  a  stream  falls  with  noise;  (2)  a 
wooden  pipe  or  flume ;  (3)  a  mining  term,  trabajar  chiflon,  is  work  making  way  in 
length  and  depth. 
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the  roads  of  that  country  generally  are ;  and  mules  laden  with  cargoes  not 
infrequently  slip  down  the  western  slope,  and  are  lost  in  the  ravines  below. 
From  the  top  of  the  Chiflon  Pass  a  splendid  view  of  the  surrounding 
country  is  obtained.  Eastward  one  looks  down  the  tbrest-clad  side  of  the 
mountain,  dotted  below  with  magnificent  royal  palms  {palmas  renles)  and 
other  tropical  trees,  across  wide  plains  down  the  centre  of  which  the  Mag- 
daleua  river  winds,  until  the  eye  rests  upon  the  eastern  Andes,  blue  and 
hazy  in  the  distance.  Westward  the  topography  is  entirely  different.  In 
this  direction  one  looks  upon  a  sea  of  almost  treeless  hills,  backed  by  forest- 
clad  mountains  towering  one  above  the  other,  the  whole  forming  part  of 
the  eastern  flank  of  the  central  cordillera.  The  hills  in  the  foreground, 
covered  only  with  grass  and  small  shrubs  (except  in  the  valleys  and  gullies, 
the  lower  portions  of  which  are  more  or  less  densely  clothed  with  vegeta- 
tion) form  steep  and  narrow  ridges,  trending  north  and  south,  flanked  by 
knife-edged  cordons  or  ribs  (cuchillos)  oblique  or  perpendicular  to  them, 
which  in  their  turn  are  strongly  ribbed  in  a  direction  perpendicular  to 
their  length.  Thus  between  the  ranges  are  narrow  winding  valleys  or 
canadas,  down  the  moderately-sloping  bottom  of  which  a  river  or  strong 
stream  of  water  usually  courses,  and  between  the  lateral  cordons  are  steep 
gullies  or  quehrados  opening  into  the  valleys  on  either  side,  down  which 
toiTentsof  w^ater  flow  in  the  wet  season. 

The  formation  consists  of  crystalhne  eruptive  rocks  and  metamor- 
phosed schists.  Of  the  former  granophyre,*  felsite,  and  hornblende- 
dolerite,  in  bedded  masses  and  in  dykes,  predominate.  The  granophyre 
and  felsite  are  generally  moderately  hard,  and  of  a  pale  green  colour. 
They  are  in  places  stained  red  with  oxide  of  iron,  and  are  frequently 
altered  to  a  soft  white  clay  resembling  kaolin.  The  dolerite  is  usually 
very  hard,  and  of  a  darker  green — in  places  this  rock  too  is  soft  and 
decomposed,  but  it  usually  retains  its  colour.  "Wherever  observed  it  is 
strongly  charged  with  iron  pyrites.  It  is  chiefly  from  the  rapid  erosion 
of  some  of  the  beds  that  the  hills  derive  their  peculiar  topography. 

The  metamorphic  rocks,  usually  consisting  of  chloritic  schists  and  slates, 
are  seen  at  the  base  of  some  of  the  hills,  and  form  the  major  portion  of 
others. 

The  schistose  rocks  in  the  State  of  ToLima  have  been  variously  described 

*  A  mixture  of  orthoclase-felspar  and  quartz  which  have  simultaneously  con- 
solidated. These  rocks  in  the  Organos  district  were  formerly  called  sandstone. 
Sections  cut  of  typical  specimens  of  the  country  have  been  examined  and  named  by 
a  well-kown  petrologist.  Some  exhibit  beautiful  examples  of  the  structure  known  as 
granophyric. 
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as  of  Silurian,  Cambro- Silurian,  and  Laurentian  age.  These  and  the  erup- 
tive rocks  overlying  them  are  most  probably  Palteozoic,  but  so  far  in  suf- 
ficient data  have  been  collected  to  determine  their  exact  age.  It  appears 
that  when  the  central  cordiUera  was  upheaved  at  the  close  of  the  Triassic 
or  commencement  of  the  Jurassic  epoch,  these  beds,  breaking  through  the 
Triassic  sandstones  overlying  them,  were  forced  up  to  the  surface,  and  were 
considerably  contorted  during  the  process.  The  formation  in  places 
exhibits  evidence  of  a  good  deal  of  confusion  ;  the  strike  and  dip  of  the 
beds  vary  considerably,  and  at  short  intervals  ;  they  are  also  much  jointed 
and  fissured,  and  are  moreover  permeated  by  felsitic  dykes. 

Here  and  there  in  the  eruptive  rocks  are  lenticular  masses  of  schistose 
rocks,  and  the  former  appear  to  merge  imperceptibly  into  the  latter,  so 
that  possibly  the  rocks  called  eruptive  are  the  result  of  extreme  metamor- 
phism  of  sedimentary  rocks  brought  about  by  long-continued  pressure, 
heat,  and  aqueous  action. 

A  number  of  veins  have  been  found  traversing  the  rocks  in  various 
directions — the  prevalent  one  being  nearly  east  and  west — and  containing 
quartz  with  visible  gold  associated  with  manganese  and  oxide  of  iron  near 
the  surface,  and  with  iron  pyrites,  galena,  etc.,  below.  The  gold  above 
the  water-level  is  extremely  patchy,  and  visible  gold  is  by  no  means 
the  sign  of  a  rich  vein,  for  it  is  seen  here  and  there  in  veins  whose 
average  only  loins  a  few  pennyweights  to  the  ton.  Some  of  the  veins 
run  into  and  continue  through  the  schistose  rocks,  and  appear  to  be  of 
rhore  stable  nature  therein.  Some  veins  are  very  rich,  especially  at  and 
near  the  surface,  carrying  gossan  with  from  one  to  several  ounces  of  gold 
to  the  ton  for  a  certain  distance,  which  seldom  amounts  to  many  yards 
either  in  length  or  depth,  and  then  a  fresh  vein  has  to  be  sought  elsewhere. 
Mining  in  this  will-o'-the-wisp  style  was  carried  on  for  some  years,  and 
has  only  recently  given  place  to  something  approaching  to  system ;  but  as 
the  water-level  has  not  yet  been  reached,  the  problem  has  still  to  be 
solved  whether  the  veins  are  sufficiently  auriferous  to  be  worked  profitably 
for  any  long  period  of  time. 

So  far  as  the  writer  is  aware,  a  description  of  this  district  has  never 
yet  been  published.  Senor  Vicente  Restrepo,  in  his  very  interesting 
work*  on  the  Colombian  mines,  mentions  only  the  fact  that  numerous 
gold  and  silver  veins  occur  here,  and  that  in  Constancia  one  only  was 
then  being  worked  containing  rich  ore,  but  scarce. 

*  Estudio  sobre las  minus  de  oro  y  plata  de  Colvvtbia,  second  etlition,  1888.  page  99. 
Translations  of  this  work  have  appeared  in  English  and  French. 
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The  veins  may  be  classified  as  follows  : — 

1.  Bedded   or   segregated   veins   {Lagergange)  of   rich  aui-iferous 

quartz  or  gossan. 

..  Usually  of   shallow   depth 

2.  (a)  Veins  of  rich  auriferous  gossan  \      and    uncertain    length  : 
(h)  Veins  of  rich  auriferous  quartz  j      they    may    be     termed 

\      superficial    fissure-veins, 

3.  Auriferous  flucany  joints. 

4.  Quartz  fissure-veins   carrying  fi'ee-gold  near  the  surface,  and 

auriferous  pyrites  below. 
Classes  1,  2,  and  3  generally  occur  in  the  eruptive  rocks  only,  while 
class  4  occurs  both  in  the  eruptive  and  sedimentary  rocks  beneath  or 
adjacent  to  them. 

1. — Auriferous  Bedded  Veins  oe  Seams. 

Typical  veins  of  this  class  are  seen  at  the  Chorro  working  of  the 
Constancia  mine,  where  a  big  o])en  cut  has  exposed  several  of  them,  and 
from  which  a  fair  quantity  of  gold  has  been  raised.  Fig.  1,  Plate  IX., 
is  a  section  of  one  of  these  auriferous  quartz-seams  which,  at  the  point 
examined,  is  from  6  to  lb  inches  thick,  and  suddenly  changes  in  dip 
from  almost  horizontal  to  nearly  vertical.  It  appears  to  be  in  reality  a 
somewhat  complex  case  of  a  saddle-reef.  The  country  here  is  decom- 
posed granophyre  stained  with  iron  and  manganese,  some  of  whose  layers 
are  seen  to  end  abruptly  against  one  wing  or  leg  of  the  saddle.  Such 
contortions  are  local  in  character,  and  the  veins  much  more  frequently 
have  the  appearance  of  Figs.  2  and  3,  Plate  IX.  In  the  former  case  the 
vein  is  about  1  foot  wide,  consisting  of  quartz  in  two  layers  lying  on  a 
thin  stratum  of  rock  veined  with  quartz,  oxide  of  manganese,  and  ochre. 
The  true  floor  is  altered,  ochre-stained  granophyre,  while  the  roof  is 
still  softer,  being  composed  of  ochreous  and  mangauiferous  clay. 

The  quartz-layers  are  apt  to  merge  suddenly  on  either  side  into 
rock,  leading  to  the  inference  that  they  were  formed  by  replacement. 
The  quartz  contains  iron  pyrites  in  its  cavities,  and  sometimes  clay  and 
gold,  as  well  as  blende  and  galena  stained  with  oxide  of  iron.  The  gold 
in  these  seams  is  generally  visible,  and  sometimes  coarse.  It  is  irregularly 
distributed,  and  some  very  rich  specimens  can  be  found. 

The  bedded  veins  run  from  nearly  east  and  west*  to  a  little  west  of 
north,  and  dip  about  60  degs.  south  or  west  respectively  (variation  43  degs. 

*  All  bearings  magnetic.  1888. 
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to  70  clegs.).  The  direction  of  one  bed  here  is  north  35  degs.  east  to 
south  35  degs.  west  (dip  south-east  43  degs.),  which  is  nearly  normal  as 
regards  both  strike  and  dip. 

A  sliekenside  joint  clearly  marked,  being  stained  with  black  oxide  of 
manganese,  is  sometimes  visible  in  the  clay  forming  the  roof  (Fig.  3, 
Plate  IX.).  It  was  noted  that  the  lines  are  not  parallel  with  the  dip, 
but  make  an  angle  of  about  10  degs.  with  it,  and  also  that  in  places  there 
is  a  want  of  parallelism  among  the  lines  themselves.  The  seams  are 
crossed  perpendicularly  by  some  joints  also  showing  slickensides.  As  will 
be  seen  from  the  section  (Fig.  3)  the  country  adjacent  to  or  separating 
the  quartz-layers  is  decomposed  to  a  clay. 

In  places  the  rock  shows  evidence  of  u  schistose  structure,  but  this 
matter  will  be  referred  to  again  when  treating  of  veins  of  class  2. 

At  the  Silencio  mine  at  least  two  bedded  auriferous  quartz-veins  are 
seen  to  crop  out  on  the  face  of  a  very  steep  hill.  The  lower  one  is  the 
richer  and  can  be  traced  for  about  100  yards  along  the  surface.  The 
outcrops  as  exposed  on  the  hillside  form  an  angle  of  about  25  degs.  with 
the  horizon.  The  chief  bedded  vein  runs  about  north  8^  degs.  west  to  south 
8^  degs.  east,  and  dips  west  30  degs.  to  -481  degs.,  or  against  the  hdl. 
The  average  width  of  the  vein  is  2  feet,  but  the  rich  auriferous  quartz- 
leader  is  seldom  more  than  6  inches  thick,  the  rest  of  the  vein  being 
composed  of  smaller  layers  of  quartz  divided  by  country.  The  quartz 
varies  in  structure  from  solid  to  sugary,  and  is  spotted  with  iron  pyrites, 
manganese,  oxide  of  iron,  clay,  etc.  Visible  gold  is  of  common  occurrence 
in  certain  parts  of  the  outcrop.  In  a  piece  of  highly  auriferous  quartz  a 
single  crystal  of  haematite  was  found.  The  vein  was  sunk  upon  in  one 
place — the  dip  changed  from  30  degs.  at  the  surface  to  48^  degs.  below — 
the  quartz  quickly  wedged  out  a  few  yards  from  the  surface  and  with  it 
the  gold,  giving  place  to  a  clay  or  flucan.  The  latter  was  followed  down  to 
a  depth  of  about  lOU  feet  on  the  dip,  when  the  sinking  was  stopped,  as  no 
further  ore  had  been  met  with.  The  veins  vary  in  richness  from  about 
3  dwts.  to  3  ounces  of  gold  to  the  ton,  and  are  usually  rich  or  poor  on  the 
same  horizon. 

At  the  Socorro  mine  a  bedded  vein  has  been  partially  worked,  which 
in  one  place  has  the  section  shown  in  Fig.  4,  Plate  IX.  It  appears  to 
be  a  trough  or  inverted  saddle-reef.  The  quartzose  seam  merges  in  places 
into  ferruginous  rock,  and  some  layers  of  the  country  with  thin  seams  of 
quartz  end  abruptly  against  one  wing  or  leg  of  the  trough.  In  neither 
of  the  peculiar  contortions  figured  is  there  evidence  of  a  saddle  or  trough- 
joint. 
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2.— (a)  Veins  of  Auriferous  Gossan. 

At  the  Te  Encoutr6*  workings  of  the  Constancia  mine  there  are  several 
examples  of  this  class  of  vein  in  quartz-felsite.  They  are  remarkable  for 
their  very  singular  appearance  (Figs.  5  to  10,  Plate  IX.).  They  trend 
usually  a  few  degrees  north  of  east,  and  dip  south,  and,  as  a  rule,  are 
auriferous  to  no  great  extent  either  horizontally  or  vertically.  They 
appear  to  be  especially  auriferous  when  crossing  certain  manganiferous, 
fen-uginous,  and  ochrey  layers  of  the  country  (Figs.  5  and  6),  which 
strike  a  little  west  of  north,  or  perpendicular  to  the  veins,  and  against 
certain  wedges  or  horses  of  schistose  rock  found  in  the  felsite  (Figs.  7 
and  10). 

The  ore  is  generally  gossan  or  earthy  brown  oxide  of  iron,  which 
frequently  contains  visible  gold.  The  centre  of  the  vein  is  sometimes 
composed  of  crystalline  quartz.  The  precious  metal  is  also  found  in  the 
manganiferous  and  ochrey  layers  on  the  sides  of  the  vein,  and  even  for 
some  little  distance  therefrom.  These  veins  are  extremely  iri'egular,  having 
no  defined  walls,  although  generally  a  southerly  dip  is  roughly  traceable. 

Immediately  above  the  section  shown  in  Fig.  7  is  a  layer  of  soft 
manganiferous  rock  1  foot  thick.  In  Fig.  8  the  vein  consists  of  a  rich 
auriferous  band  of  gossan  from  12  to  15  inches  thick.  It  is  nearly 
vertical,  the  south  wall  being  defined  by  a  thin  seam  of  clay  or  flucan, 
while  no  joint  occurs  on  the  north  side.  The  vein  in  all  has  three  nearly 
vertical  seams  of  clay  crossing  others  dipping  flatly  to  the  south ;  the  latter 
appear  to  liave  slipped  down  a  little  on  the  south  wall  of  the  vein. 

The  felsite  country  rock  often  has  a  brownish  mottled  appearance. 
Under  the  microscope  it  is  seen  to  be  traversed  by  miimte  stringers  of 
quartz. 

At  the  Socorro  mine  some  thin  but  extremely  rich  veins  of  this  class 
have  been  met  with,  consisting  of  a  few  inches  of  light  brown  gossan 
showing  visible  gold  in  the  broken  surfaces  and  assaying  50  ounces  of 
gold  to  the  ton  and  upwards. 

At  the  Silencio  mine  several  veins  of  the  same  class  occur  in  grano- 
phyi-e.  One  trends  on  an  average  east  18^  degs.  south  to  west  13^  degs. 
north,  and  dips  south  56  degs.  to  68  degs.  At  the  surface  it  is  about 
1  foot  thick,  with  from  2  to  4  inches  of  brown  gossan  on  the  hanging-wall, 
the  rest  of  the  vein  being  soft  altered  granophyre  with  hard  lumps  of 
quartz,  country,  and  oxide  of  iron  here  and  there.  Ten  feet  down  the 
vein  shows  iron  pyrites,  with  oxide  of  iron,  and  quartz  in  lumps.     It  was 

*  Literally,  "  I  have  found  thee  I  "  the  exclamation  of  the  miner  who  discovered 
the  tirst  rich  vein  in  this  district. 


OR(JANOS  DISTRICT,  TOLIMA,  U.S.  COLOMBIA.  265 

proved  by  a  cross-cut  driven  in  20  feet  vertically  below  the  outcrop. 
When  cut  it  was  found  to  be  disordered  by  a  slide,  and  consisted  of  gossan 
and  quartz  with  well-defined  walls  having  a  regular  dip.  The  mineral 
showed  visible  gold,  and  gave  an  excellent  colour  in  the  batea.  West- 
ward it  was  split  into  two  branches  by  a  horse  of  rock — the  branches 
together  made  8  inches  of  rich  gossan  (Fig.  9).  In  this  instance  the 
country  was  intersected  by  joints  more  or  less  parallel  to  the  vein,  and 
dipping  in  the  same  direction  at  an  angle  of  45  degs.  The  ore  in  one 
spot  made  against  a  bed  of  dark  stained  rock  (altered  schist  ?)  as  in 
the  Constancia  mine  (see  Fig.  10,  and  compare  Fig.  7).  Westward  the 
vein  was  cut  out  24  feet  from  the  cross-cut ;  eastward,  although  the  joint 
was  straight  and  well-defined,  the  vein  20  feet  from  the  cross-cut  consisted 
only  of  4  inches  of  auriferous  gossan.  A  second  cross-cut  was  run  in  fi-om 
the  surface  in  order  to  ascertain  if  the  vein  went  down.  But  nothing  was 
cut,  not  even  a  pronounced  joint,  and  yet  the  vein  was  traceable  on  the  sur- 
face for  about  100  feet  in  length. 

2. — {b)  Veins  of  Auriferous  Quartz. 

At  the  same  mine,  a  vein  believed  to  belong  to  this  class  intersects  the 
bedded  veins  of  gold-bearing  quartz  already  described  as  running  north 
8 J  degs.  west,  and  dipping  west.  The  vein  trends  north-east  to  south- 
west, dips  south-east  from  30  degs.  to  50  degs.,  and  consists  of  what 
is  known  locally  as  formacion,  or  country  altered  to  a  clay  (the  cascajo  of 
Venezuelan,  the  ymdlork  of  Australian,  and  the  hhif  of  American  miners). 
At  the  junction  it  was  1  foot  wide,  and  when  driven  on  into  the  hill  in  a 
south-westerly  direction  the  vein  was  double  in  size,  and  had  much  improved 
in  value.  Fig.  11,  Plate  IX.,  shows  the  appearance  of  the  vein  some  little 
way  in.  The  formacion  here  consists  of  decomposed  granophyre,  mottled 
red,  yellow,  white,  and  brown,  and  containing  native  gold  in  crystals. 
The  quartz  was  fairly  spangled  with  gold,  almost  every  stone  broken 
showing  the  precious  metal ;  but  very  loose,  and  in  exceedingly  thin  plates 
and  fine  grains.  The  gold  was  easily  shaken  out  of  the  specimens,  and 
appeared  to  have  been  deposited  quite  recently.  A  sample  taken,  not 
showing  visible  gold,  gave  1  oz.  8  dwts.  of  gold  to  the  ton.  The  decom- 
posed rock  in  the  vein  gave  a  good  colour  in  the  batea. 

Farther  in  the  vein  showed  a  tendency  to  split  up  (Fig.  12,  Plate  IX.), 
and  was  less  rich.  However,  the  vein  has  since  been  driven  on  for  a 
length  of  65  feet,  the  formacion  canying  gold,  and  increasing  in  width 
with  stringers  of  ore.     A  rise  was  put  up  43  feet  to  the  surface  ;  for  28  feet 
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the  vein  was  very  rich  in  gold,  and  from  2^  to  4^  feet  thick,  the  last 
15  feet  consisting  of  foiToacion  carrying  gold  and  intersected  ^vith  stringers 
of  quartz  to  within  a  few  feet  of  the  surface. 

The  vein  was  sunk  on  25  feet,  the  lode,  including  fonnacion,  was  from 
3  to  3 1  feet  wide  with  solid  quartz  from  1  to  2  feet  wide.  For  a  time 
the  lode  improved  in  depth,  every  stone  broken  showing  visible  gold. 
Nevertheless  the  writer  believes  that  eventually  the  vein  gave  out  both  in 
length  and  depth. 

This  vein,  consisting  as  it  does  of  quartz  and  altered  rock  (formacion), 
and  containing  little  or  no  gossan,  seems  to  form  a  class  of  its  own. 

3. — Auriferous  Flucaxt  Joints. 

The  only  auriferous  joints  observed  by  the  wiiter  in  this  district  are  a 
few  at  the  Socorro  mine.  These  nin  east  19  degs.  north  to  west  19  degs. 
south,  and  are  vertical,  or  dip  sharply  to  the  south.  The  joints  bear  clay 
and  native  gold,  but  are  auriferous  to  only  a  very  limited  extent.  They 
possess  features  of  no  particular  interest. 

4. — Auriferous  Quartz  Fissure-veins. 

These  veins  are  found  traversing  the  eruptive  and  metamorphic  rocks 
indiscriminately.  Two  veins  of  this  class  cross  the  bedded  veins  of  Chorro, 
one  trends  north-west  with  a  high  dip,  is  27  inches  thick,  and  consists  of 
quartz,  and  red,  yellowish,  and  black-stained  rock ;  the  other  vein  strikes 
east  22^  degs.  south  to  west  22|  degs.  north,  and  in  one  portion  is  filled 
with  clay  and  oxide  of  iron  rich  in  gold,  while  in  another  it  is  2  feet 
wide,  and  is  filled  with  quartz,  clay,  and  iron  pyrites. 

At  the  Socorro  mine  one  vein  which  has  been  proved  near  the  surface 
for  about  200  feet  in  length  occurs  in  more  or  less  altered  granophyre. 
The  average  run  of  the  lode  is  east  26  degs.  north  to  west  26  degs.  south, 
the  average  dip  south  72  degs.,  and  the  average  width  3  feet.  The  strike 
varies  from  east  1 6^  degs.  north  to  east  35^  degs.  north,  the  dip  from 
62  degs.  to  82  degs.,  and  the  thickness  from  4  inches  to  6  feet.  In  the 
granophyre  the  contents  are  chiefly  auriferous  oxide  of  iron  and  quartz  in 
leaders,  separated  by  more  or  less  altered  rock  (Fig.  13,  Plate  IX.). 

About  100  feet  below  the  outcrop  the  lode  passes  into  hard  hornblende- 
dolerite — possibly  an  altered  schist ;  the  dip  changes  from  72  degs.  to 
82  degs.,  and  the  lode  is  characterized  by  bands  of  iron  pyrites,  galena, 
quartz,  and  hard  country  rock — the  latter  either  dead,  or  with  some 
calcite,  quartz,  and  iron  pvrites.  Each  waU  is  marked  by  a  well-defined 
ferniginous  joint,  but  without  any  clay  selvage.    Fig.  14,  Plate  IX.,  shows 
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the  structure.  A  joint  or  bedding-plane  striking  north-west,  dipping 
south-west,  and  crossing  the  lode  near  the  hanging-wall,  is  probably  the 
feeder  of  the  lode  at  this  point.  The  country  next  to  this  wall  is  sprinkled 
with  iron  pyrites,  and  contains  calcite  in  large  crystals. 

The  mineral  from  this  portion  of  the  lode,  hand-picked,  yielded  0 
ounces  of  gold  to  the  ton  and  upwards,  and  paid  to  export  to  Swansea. 

The  trend  of  the  lode  in  the  moderately  hard  rock,  and  where  rich,  is 
east  1 7  degs.  north — this  is  the  useful  bearing  of  the  lode— but  in  very 
hard  rock  met  with  farther  west  the  trend  becomes  more  northerly  or  east 
35  degs.  north  (angle  of  horizontal  bending  =19^  degs.),  the  dip  changes 
to  north  80  degs.  (angle  of  vertical  bending  =  18  degs.),  and  the  lode  is 
impoverished.  Furthermore,  a  cross-joint  is  met  with  here,  which  has  the 
effect  of  cutting  off  the  mineral  contents  almost  entirely.  Harder  rock  is 
met  with  in  the  stopes  also  in  this  direction,  and  the  lode  is  poorer,  but  a 
few  hundred  feet  farther  west  some  rich  quartz  from  1  to  2^  feet  in  width 
is  found  in  the  lode  near  the  surface  (rock  :  decomposed  granophyre),  where 
the  trend  and  dip  correspond  to  that  of  the  richer  portion  of  the  lode  in 
the  dolerite. 

A  cross-cut  driven  north-west  through  the  country  in  this  part  of  the 
mine  discloses  purple  beds  of  quartzose  schists  trending  north-west  to 
south-east  and  dipping  south-west,  followed  by  a  dyke  of  hard  dolerite 
dipping  northward,  which  is  succeeded  by  altered  granophyre.  Here 
and  there  also  in  the  schists  occur  patches  of  the  latter  rock. 

At  Te  Encontre,  a  lode  has  been  proved  for  about  600  feet  in  length 
and  182  feet  in  depth  in  quartz-felsite.  The  average  run  of  the  lode 
is  east  9  degs.  north  to  west  9  degs.  south,  and  the  average  dip  south 
63  degs.  The  angle  of  total  divergence  in  strike  is  31^  degs ,  and  in  dip 
49  degs  The  average  width  was  5  feet,  varying,  however,  from  6  inches 
up  to  6  feet.  In  the  No.  1  and  No.  2  levels,  the  rock  is  quartz-felsite, 
often  much  altered,  and  the  vein  consists  of  ferruginous  quartz  with  free- 
gold.  In  the  No.  3  level,  however,  the  rock  is  dolerite,  which  becomes 
very  soft  in  the  No.  4  or  bottom  level. 

In  No.  3,  where  the  rock  is  moderately  hard  dolerite,  the  lode  is  about 
G  feet  thick,  half  of  this  being  well  impregnated  with  galena  and  iron 
pyi'ites,  the  latter  being  scattered  all  through  the  lode.  The  galena  is 
argentiferous  and  carries  some  gold,  but  the  iron  pyrites  is  much  more 
auriferous.  The  effect  of  a  flucan  crossing  the  lode  in  one  of  the  stopes 
is  to  flatten  it  considerably  (Fig.  15,  Plate  X.).  At  a,  the  vein  was  con- 
tinued inside  the  clay  flucan  itself,  as  an  irregular  mass   of  auriferous 
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and  ferruginous  quartz.  In  the  No.  4  level,  or  182  feet  from  the  surface 
(measured  vertically),  a  cross-course  has  thrown  the  lode  110  feet  to  the 
north.  On  the  west  of  the  cross-course,  the  lode  is  4^  feet  wide  in  a  soft 
green  rock  with  joints  having  polished  surfaces  (altered  dolerite)  sparsely 
sprinkled  with  iron  pyrites.  The  dip  is  south  79  degs.  The  lode  to 
the  east  of  the  cross-course  is  quartzose,  from  12  inches  to  2  feet  thick, 
and  poor  in  gold. 

About  12  feet  south  of  the  western  portion  of  the  lode  in  No.  3,  a  vein 
of  quartz  2  feet  wide  and  dipping  south  is  seen  on  the  walls  of  the 
cross-course,  and  24  feet  farther  south  is  another  vein  of  quartz,  somewhat 
auriferous.  As  these  veins  pass  through  the  cross-course  they  would 
ajDpear  to  be  of  more  recent  date  than  the  latter. 

Hence  in  this  mine  we  appear  to  have  evidences  of : — 

1.  An  older  east  and  west  fissure. 

2.  A  newer  north  and  south  cross-course. 

3.  Newer  east  and  west  fissures. 

About  200  yards  east  of  this,  a  parallel  vein  was  discovered  of  2  feet 
of  white  sugary  and  friable  quartz,  showing  here  and  there  minute  specks 
of  native  gold.  Notwithstanding  the  favourable  appearance  of  the  quartz, 
the  yield  was  only  a  few  pennyweights  to  the  ton.  It  was  considered  likely 
that  most  of  the  gold  had  quite  recently  been  leached  out  of  the  vein. 

At  Silencio,  a  vein  of  this  class,  traceable  for  600  feet  along  the 
surface,  has  been  worked  400  feet  in  length  at  a  depth  of  about  100  feet 
vertical  from  the  surface.  The  average  strike,  dip,  and  width  are 
east  29  degs.  south  to  west  29  degs.  north,  south-west  62*5  degs.,  and 
2  feet  respectively.  The  rock  on  the  100  feet  level  is  in  the  main  hard 
granophyre.  The  lode  was  widest  (4  to  6  feet)  and  richest  when  the 
strike  was  north  42^  degs.  west  or  north-west  nearly,  but  to  the  north  of 
this  point  a  branch  falls  into  the  lode  on  the  hanging  wall,  and  near  the 
centre  of  the  run  of  ground,  a  non-auriferous  quartz-vein  trending  nearly 
east  and  west  and  dipping  south,  crosses  it  obliquely.  The  lode  was  formed 
of  one  or  more  layers  of  quartz  sprinkled  with  iron  pyrites  and  galena, 
and  showing  here  and  there  crystals  of  blende.  The  quartz  was  generally 
of  somewhat  transparent  crystalline  structure,  occasionally  sugary,  and 
frequently  stained  red  in  the  joints.  It  was  colourless,  or  had  a  brownish 
tinge.  Sometimes  the  quartz  was  light  bluish.  Here  and  there  it  con- 
tained visible  gold,  but  the  latter  was  no  real  indication  of  richness.  The 
gold  contents  varied  from  a  few  grains  to  several  ounces  to  the  ton.  A 
milling  test  of  several  hundred  tons  yielded  about  4  dwts.  to  the  ton, 
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and  as  1  dwt.  was  found  in  the  tailings,  the  average  gold  contents  were 
only  ^  ounce  to  the  ton. 

Just  beyond  the  point  where  the  lode  was  widest  it  split  up  into  two 
branches :  that  on  the  southern  side  consisted  only  of  a  few  inches  of 
unproductive  quartz,  while  the  northern  branch  consisted  of  about  G 
inches  of  auriferous  and  pyritic  quartz.  The  hanging-wall  appeared  to 
be  a  schistose  rock,  the  footwall  being  brown  granophyre.  In  some  points 
the  schistose  rock  was  on  the  footwall,  but  it  w^as  more  generally  on 
the  hanging  wall.  The  leader  sometimes  lay  on  the  hanging  wall,  but  it 
was  more  often  a  little  distance  from  it,  and  sometimes  having  a  much 
flatter  dip,  it  gave  the  lode  a  wedge-shaped  appearance  as  seen  in  section. 
Figs.  16  to  20,  Plate  X.,  represent  the  appearances  assumed  by  the  lode 
in  this  part  of  its  course.  By  comparing  Figs.  16  and  17  (the  latter  is 
from  a  point  about  1  foot  north  of  the  former)  it  will  be  seen  that  a  band 
of  rock  highly  charged  with  iron  pyrites  has  become  a  band  of  quartz 
charged  with  the  same  mineral ;  this  appears  to  be  an  instance  of  local 
replacement. 

It  has  been  observed  that  in  certain  districts  galena  is  a  good  indi- 
cation for  gold.*  In  order  to  ascertain  whether  the  galena  contained  the 
precious  metal,  the  writer  made  (1)  an  assay  of  the  quartz  'well  spotted 
with  this  mineral,  the  result  was  9  dwts.  of  gold  to  the  ton ;  (2)  an  assay 
of  galena  carefully  picked  out  from  the  quartz  resulted  in  45  ounces  of 
silver  and  2  dwts.  of  gold  to  the  ton.  As  the  concentrated  sulphides  in  the 
vein  yielded  nearly  15  ounces  of  gold  to  the  ton,  the  result  was  arrived  at 
that  the  major  portion  of  the  gold  is  present  in  the  pyrites,  while  some  is 
undoubtedly  free  at  and  near  the  surface. 

A  long  cross-cut  was  driven  in  to  strike  this  lode  at  a  depth  of  about 
200  feet  from  the  surface. 

In  the  cross-cut,  three  hard  bands  of  hornblende-oliviue-dolerite  were 
cut  bearing  iron  pyrites  alternating  with  granophyre  varying  from  moder- 
ately hard  to  soft.  The  rocks  appeared  to  be  in  beds  from  3  to  20  inches 
thick,  trending  east  10  degs.  south  and  dipping  south  36  degs.  to  53  degs. 
A  few  joints  cut  these  beds  striking  north  22^  degs.  west  to  north-west,  and 
dipping  south  54  degs.  Others  ran  east  and  west  to  east  22^  degs.  south, 
dipping  north  51  degs.  to  62  degs. 

*  "It  is  worthy  of  note  that  in  this  mine  (Latham  and  Watson's  quartz  mine,  on 
Hustler's  Reef,  Sandhurst)  the  gold  is  aggregated  in  cavities  with  the  softer  sulphides, 
such  as  galena,  and  is  rather  sparingly  diffused  in  the  laminae  which  enclose  iron 
pyrites." — R.  Brough  Smyth,  Gold  Fields  and  Minernl  Districts  of  Victoria.,  1869, 
page  329  ;  see  also  footnote  on  same  page.  Galena  is  often  associated  with  free-gold 
in  the  New  Morgan  gold-mine  of  Wales. 
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According  to  recently  published  reports,  highly  contorted  ground  has 
been  met  with  just  where  the  lode  was  expected  to  be  cut,  consisting  of  9 
feet  of  blue  auriferous  quartz  and  15  feet  of  limestone-deposits  (sic),  the 
latter  also  carrying  some  gold. 

In  the  north-western  portion  of  the  mine,  the  rock  has  a  brownish 
mottled  appearance ;  examined  through  a  microscope  it  is  seen  to  be 
granophyre  spotted  with  chlorite  (probably  after  biotite).  In  this  section 
the  veins  bear  very  little  gold. 

In  the  same  mine,  a  pyritous  quartz- vein  coursing  through  chloritic- 
schist  R-as  proved  for  about  135  feet  in  length.  It  trended  on  an  average 
east  34  degs.  south  to  west  34  degs.  north.  The  filling  was  18  inches  of 
white  quartz,  well  charged  with  iron  pyrites,  but  the  average  assay  value 
was  only  about  10  dwts.  of  gold  to  the  ton. 

On  the  opposite  side  of  the  river  Chiquila,  several  veins  are  seen 
trending  through  clay-slate  rocks,  some  of  which  have  been  worked  to  a 
certain  extent.  In  the  bottom  of  the  Arroyo  del  Muerto,  separating  the 
La  Reina  from  the  La  Union  claims,  two  veins  apjDcar  to  form  a  junction, 
V-shaped  in  plan.  The  easternmost  of  these  consists  of  8  inches  of  quartz 
sprinkled  with  sulphides.  In  a  level  30  feet  above,  both  the  quartz  and 
the  country  are  loose  in  texture.  The  quartz  is  white,  and  in  one  leader 
8  inches  thick  below,  7  inches  in  the  middle,  and  3  inches  at  the  top  of 
the  level.  The  vein  trends  north-west  and  dips  south ;  outside  the  level, 
the  vein  is  split  up  and  disordered.  Higher  up  the  hill  eastward  are 
two  outcrops  which  appear  to  be  continuations  of  the  western  branch  of 
the  same  vein.  The  first  and  lower  one  is  9  inches  thick  of  brown  quartz 
dipping  south  24  degs. ;  the  second  and  higher  one  of  similar  quartz 
6  inches  wide  and  dips  south  39  degs.  A  sample  from  these  out-crops 
gave  9  dwts.  of  gold  to  the  ton. 

The  westernmost  vein  runs  east  10  degs.  south  to  west  10  degs.  north, 
and  dips  south  50  degs.  on  an  average.  The  vein  is  traceable  along  the 
slope  of  the  hUl  for  a  length  of  300  feet,  corresponding  to  a  height  of 
160  feet  vertical.  At  the  top  working,  the  vein  consists  of  6  inches  of  solid 
quartz  dipping  south  73  degs.;  50  feet  below  this  point,  the  dip  changes  to 
south  47  degs.,  and  the  vein  averages  10  inches.  The  bedding-jilanes 
trend  a  little  north  of  east,  and  dip  south  62  degs.,  so  that  the  vein  fonns 
an  acute  angle  with  them.  25  feet  farther  down,  the  vein  consists  of  white 
quartz  sharply  curved  in  a  double-cleaved  or  jointed  rock  (Fig.  21, 
Plate  X.).  The  average  dip  is  south  30  degs.  In  the  lowest  working 
(100  feet  below  the  first)  the  dip  is  south  51  degs.,  and  the  thickness  is 
2  feet  of  white  quartz  strongly  cleiived  and  jointed.     Samples  from  the 
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surface-workings  averaged  5  dwts.  of  gold  to  the  tou.  Old  workings 
exist  under  this  vein  which  were  inaccessible  at  the  time  of  the  writer's 
visit. 

A  tunnel,  600  feet  above  the  river  Chiquila,  and  a  little  west  of  these 
workings,  has  cut  two  veins.  The  first  was  cut  50  feet  from  the  mouth, 
it  trends  north  22 1  degs.  west,  and  dips  west  about  45  degs.  For  some 
distance  the  lode  was  auriferous,  consisting  of  21  inches  of  white  and 
comparatively  tender  quartz  sprinkled  with  iron  pyrites.  Southward  the 
lode  takes  a  shai-p  turn  east,  and  here  the  lode  is  much  flatter,  consisting 
of  whitish  quartz  sprinkled  with  a  little  iron  pyrites.  The  rock  is  bluish 
clay-slate.  The  vein  averages  5  to  6  dwts.  of  gold  to  the  ton  ;  northward 
it  is  soft  and  worthless.  About  20  yards  farther  west  another  vein  or 
branch  runs  north-east  and  south-west,  and  dips  south  -15  degs.,  consisting 
of  one  foot  of  white  quartz  of  very  favourable  appearance  sprinkled  with 
iron  pyrites.  It  averages  10  dwts.  (extremes,  5  dwts.  and  3|  ounces)  of 
gold  to  the  ton.  It  must  form  a  junction  with  the  first  vein  to  the  south, 
and  is  said  to  have  done  so  in  one  of  the  stopes  above,  where  rich  mineral 
was  found. 

Near  the  eastern  boundary  of  the  La  Virginia  claim,  a  quartzose  vein, 
1 6  inches  thick,  is  seen  crossing  the  Arroyo  north  35  degs.  west  to  south 
35  degs.  east  in  clay-slate  country.  The  vein  has  been  proved  super- 
ficially along  the  slope  of  the  hill  for  a  length  of  350  feet,  coiTesponding 
to  a  vertical  height  of  125  feet.  At  the  top  working,  the  vein  is  seen  to 
be  a  red  and  yellow-stained  dyke  of  felsite  with  a  little  gossan  and  quartz 
3  feet  thick  in  hard  clay-slate  rock  (Fig.  22,  Plate  X.).  30  feet  below 
this,  the  vein  courses  north-west,  and  dips  south  72 1  degs.  in  a  simi- 
lar hard  country.  The  vein-formation  is  3^  feet  thick,  the  auriferous 
quartz  consisting  of  a  single  layer  lying  near  the  footwall  (Fig.  23, 
Plate  X.).  Divisional  planes  are  traceable  here  trending  east  and  west, 
and  dipping  south  75  degs.  70  feet  below  the  last  working,  the  vein 
consists  of  only  2  inches  of  (]uartz  spotted  with  iron  pyrites.  The  beds 
of  the  country  here  run  east  35  degs.  south  to  west  35  degs.  north,  and 
dip  to  south  51  degs.  An  average  sample  of  the  whole  vein  gave  only  a 
few  pennyweights  of  gold  to  the  ton.  The  country  here  is  clearly  uncon- 
genial, and  the  vein  is  pinched  below. 

At  the  California  mine,  an  auriferous  quartz-vein  is  traceable  for  about 
350  feet  on  the  slope  of  a  hill,  corresponding  to  a  vertical  height  of  150 
feet.  The  lode  strikes  east  20  degs.  south  to  west  20  degs.  north,  and 
dips  from  north  68^  degs.  to  south  58  degs.  At  the  top  working,  the 
vein  is  6  feet  wide,  consisting  of  2^  feet  of  hard  quartzose  gossan  with 
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iron  pyrites  on  the  banging  side,  the  rest  l)eing  gossany  clay  (Fig.  24, 
Plate  X.).  The  pyritous  qnartz  assayed  2  onnces  13  dwts.  8  grains  of 
gold  to  the  ton,  while  the  gossany  clay  only  yielded  about  ^  ounce.  In 
the  croppings  below  the  vein  is  very  thin,  consisting  of  quartz,  gossan,  and 
iron  pyrites  from  2  to  9  inches  thick,  the  assays  varying  from  1;^  to  9 
dwts.     In  one  place  the  quartz  is  white  and  non-mineralized. 

xit  El  Dorado,  about  125  feet  above  the  stream,  a  vein  crops  out 
trending  north  32|  degs.  west,  and  dipping  south-west  63  degs.  It 
consists  of  ribs  of  quartz  separated  by  layers  of  rock,  and  with  gossan 
on  the  footwall.  Samples  from  here  have  yielded  from  9  dwts.  to  upwards 
of  5  ounces  of  gold  to  the  ton.  About  200  feet  above  this,  another  vein 
crops  out  bearing  east  11  degs.  south  to  west  11  degs.  north,  and  dip- 
ping south  42^  degs.,  from  12  to  18  inches  thick  of  solid  quartz  sprinkled 
with  iron  pyrites.     Assays  from  here  gave  only  from  4  to  8  dwts. 

At  Concepcion,  a  vein  trending  east  21^  degs.  south  and  dipping  south 
44  degs.,  is  seen  cropping  out  in  a  quehrado ;  it  consists  of  20  inches  of 
hard  quartz,  with  iron  jiyrites  and  galena.  The  hanging-wall  appears  to 
be  hard  granophyre,  and  the  footwall  hard  horublende-dolerite.  A  few 
feet  above,  the  vein  thins  away  to  9  inches,  while  about  18  feet  higher  up, 
it  appears  only  as  2  inches  of  soft  green  clay  charged  with  two  iron  pyrites. 

The  prevalent  direction  of  the  veins  in  this  district  appears  to  be  a 
few  degrees  from  east  and  west  with  a  southerly  dip.  Several  veins  trend 
in  a  north-westerly  direction,  dipping  south-west.  A  north-easterly 
direction  appears  to  be  exceptional,  as  does  also  a  northerly  dip  (Fig.  25, 
Plate  X.). 

Leaving  the  segregated  veins  out  of  account,  which  usually  follow  the 
bedding-planes,  no  well-defined  system  of  fissure-lodes  has  as  yet  been 
discovered  in  this  district. 

The  veins  run  in  various  directions,  and  individually  many  of  them  are 
very  variable  in  strike.  The  beds  of  the  country  appear  to  vary  consider- 
ably in  strike  also.  At  the  Chorro  workings,  some  of  the  beds  appear  to 
run  north  35  degs.  east  and  to  dip  south  43  degs.,  while  others  trend  mostly 
a  few  degs.  north  of  east  and  dip  south  62  degs. ;  at  La  Keyna,  about 
10  miles  farther  south,  some  beds  are  seen  coursing  and  dipping  the  same 
as  the  latter,  but  in  the  same  mine  other  beds  strike  east  35  degs.  south 
and  dip  south  51  degs.  At  Silencio,  on  the  opposite  side  of  the  river, 
some  beds  appear  to  run  east  10  degs.  south  and  to  dip  south  36  degs.  to 
53  degs. ;  while  at  Socorro  some  beds  trend  north-west  and  dip  south- 
west.    The  rocks  are  frequently  so  altered  as  to  have  their  bedding-planes 
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obliterated — the  complication  is  increased  when,  as  is  often  the  case,  the 
rocks  exhibit  divisional  planes  running  in  various  directions. 

The  fissure  veins  are  evidently  of  later  date  than  the  schistose  and 
eruptive  rocks,  as  they  pass  indiscriminately  through  both. 

It  is  extremely  probable  that  all  the  veins  have  been  filled  by  lateral 
secretion,  i.e.,  the  mineral  contents,  including  the  precious  metals,  have 
come  in  from  the  adjacent  rocks.  Certain  bands  of  the  metamorphic  rocks 
as  well  as  of  the  eruptive  dykes  are  strongly  charged  with  iron  pyrites,  and 
this  mineral  may  be  looked  upon  as  the  main  source  of  the  gold  in  the 
veins.  At  and  near  the  surface,  the  well-known  decompositions  have  taken 
place,  resulting  in  the  production  of  earthy  brown  oxide  of  iron  (gossan) 
and  the  setting  free  of  the  gold. 

The  association  of  manganese  with  gold  has  frequently  been  noticed. 
In  this  district  the  gossany  veins  are  often  characterized  by  the  presence 
of  this  ore,  and,  in  certain  instances,  they  are  specially  auriferous  when 
crossing  bands  of  oxide  of  iron,  manganese,  and  clay. 

It  should  be  noted  that  in  some  countries — Venezuela  for  example — 
manganese  is  looked  upon  as  a  sign  of  poverty.* 

In  some  gold  veins  the  presence  of  galena  is  regarded  as  a  favourable 
indication.  This  appears  to  be  the  case  in  this  district,  although  the 
galena  itself  carries  little  gold. 

Gossan  containing  visible  gold  is  usually  regarded  as  a  favourable 
feature  for  the  precious  metal  occurring  in  depth,  but,  speaking  generally, 
this  is  certainly  not  the  case  in  this  district.  The  gossany  veins  die  out 
rapidly  in  depth,  while  the  quartz  fissure-veins  seldom  carry  gossan  at  the 
surface. 

Some  of  the  quartz  fissure-veins  appear  to  widen  while  others  seem  to 
pinch  out  in  depth— but  the  latter  may  only  be  a  temporary  thinning  due 
to  hard  and  uncongenial  rock. 

Although  the  quartz  fissure-veins  sometimes  follow  the  direction  of 
the  bedding-planes,  they  more  frequently  cut  them  at  an  acute  angle, 
obliquely,  or  at  right  angles  ;  they  sometimes,  too,  follow  the  lines  of 
contact  between  the  sedimentary  and  eruptive  rocks,  and  sometimes  follow 
the  dykes  for  a  certahi  length,  as  well  as  the  divisional  planes. 

Mr.  John  C.  F.  Randolpht  says  that  no  true  fissure- veins  have  yet  been 
discovered  in  Tolima,  and  they  are  all  classed  by  him  under  the  head  of 
bedded-veins.      His   observations,  however,  do  not  appear  to  have  been 

*  Les  Filons  cVOr  de  la  Guyane  Frangatse,  L.  F.  Viala,  1886,  page  35. 
f  "Notes  on  the  Republic  of  Colombia,  S.A.,"  Trans.  Am.  Intst.  Min.  Eng.,  vol. 
xviii.,  pages  205-213. 
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extended  so  far  south  as  Orgaiios.  Even  with  regard  to  other  districts 
this  is  a  sweeping  assertion  to  make,  and  the  writer  beMeves  it  is  not  borne 
out  by  facts. 

Quartz  appears  to  be  the  only  true  gangue  in  these  veins,  and  the 
metalliferous  species  are  extremely  few  in  number,  being  confined  abnost 
entirely  to  auriferous  iron  pyrites,  auriferous  and  argentiferous  galena, 
blende,  the  oxides  of  iron  and  manganese  (secondaiy),  and  a  mineral  not 
yet  determined. 

In  the  quartz  fissure-veins  the  band  of  quartz,  which  is  generally 
found  on  or  near  the  hanging- wall,  may  be  looked  upon  as  the  filling  of 
the  original  fissure  ;  other  bauds  frequently  occur  adjacent  to  or  neat  this, 
filling  subsidiary  fissures,  or  are  the  result  of  replacement  of  the  country- 
rock. 

The  rock  on  either  side  of  the  original  fissure  is  often  decomposed  and 
mineralized,  and  frequently  exhibits  joints  or  fissure-planes  parallel 
thereto.  These  were  probably  produced  contemporaneously,  and  those 
that  limit  the  mineral  contents  may  be  regarded  as  the  hanging  and 
footwalls  of  the  vein. 

The  country  within  the  lodes  may  be  looked  upon  as  altered  or  un- 
altered rock  in  situ;  and  the  original  fissures  were  probably,  in  the  first 
instance,  mere  cracks  in  the  country  rock. 

In  places  there  is  evidence  of  strong  local  disturbance  in  the  rocks,  due 
probably  to  great  lateral  pressure,  which  has  produced  local  movements  of 
one  bed  over  another,  resulting  sometimes  even  in  fracture  (Figs.  1  and  4, 
Plate  IX.). 

Finally,  the  behaviour  of  the  quartz  fissure-veins  may  generally  be 
said  to  be  irregular,  and  its  peculiarities  are  as  follows : — 

1.  The  thickness  varies  considerably,  and  sometunes  at  short  dis- 
tances, both  horizontally  and  vertically,  from  a  mere  joint-plane  to  about 
6  feet,  the  latter  being  rarely  exceeded.  The  average  would  appear  to  be 
about  2  feet. 

2.  The  dip  also  varies  considerably,  although  its  general  direction  is 
nearly  always  south  or  south-west,  according  as  the  vein  mns  in  an 
east  and  west  or  north-westerly  and  south-easterly  direction  respectively. 
The  dip  is  rarely  northerly  or  easterly,  and  when  so  the  lode  is  usually 
marked  by  poverty. 

3.  The  strike  is  still  more  variable,  and  although  some  of  the  veins 
appear  to  follow  the  law  of  average  bearing,*  others  appear  very  capricious 
in  this  respect. 

*  Moissenet,  Parties  riches  des  fiJons. 
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•i.  The  walls  are  sometimes  ill-defined,  especially  in  the  eruptive 
rocks.  In  Figs.  16  to  20  a  fairly  well-defined  hanging-wall  is  observable, 
while  the  quartz  leader,  which  we  may  regard  as  a  footwall,  is  often  flat 
and  irregular. 

Auriferous  Impregnations. 

In  addition  to  the  deposits  described  in  the  paper  there  is  another  class 
in  the  district  which  may  })e  termed  amiferous  impregnations.  They 
occm-  in  highly  kaolinized  grauophyre,  and  run  as  a  rule  very  irregularly, 
and  appear  to  possess  no  walls  or  joints. 

At  the  Silencio  mine,  a  deposit  of  this  class  has  been  opened  near  the 
sm'face.  It  seemed  to  run  roughly  north-east  to  south-west,  and  to  dip 
flatly  to  the  south-east.  The  rock  appeared  to  have  been  subjected  to  the 
action  of  thermal  waters  from  which  hydratecj  oxide  of  iron  and  native 
gold  had  crystallized  out.  The  mineral  bore  a  great  resemblance  to 
specimens  from  the  famous  Mount  Morgan  mine  of  Queensland,  but 
unfortunately  it  was  not  fomid  in  any  quantity.  Specimens  occm*  rich  in 
visible  gold,  but  the  average  does  not  probably  run  more  than  half  an 
ounce  to  the  ton.  It  is  believed  that  most  of  the  gold  occm"s  in  the 
mineral  in  a  very  highly  divided  condition. 

Veins  crossing  these  gold-impregnated  beds  would  probably  be  found 
to  be  highly  emiched  therein. 

The  gold  in  the  Organos  district  contains  a  good  proportion  of  silver, 
and  is  only  about  G50  fine. 


The  President  asked  whether  the  mines  were  worked  to  any  great 
extent,  what  was  the  quantity  of  gold  produced,  the  number  of  workmen, 
etc.? 

Mr.  E.  Halse  replied  that  a  large  quantity  of  gold  was  not  produced 
at  present  in  the  district  described  ;  the  value  might  perhaps  be  put  down 
roughly  at  from  £10,000  to  £15,000  sterling  per  annum.  The  mines 
were  being  extended,  and  new  veins  were  being  opened  out,  so  that  in 
future  the  district  might  become  a  much  more  important  one  than  it  was 
at  present. 

Mr.  W.  Cochrane  asked  whether  the  district  was  likely  to  become 
competitive  with  other  gold-bearing  districts  of  other  parts  of  the  world  ? 

Mr.  Halse  said  at  present  it  could  not  be  considered  as  an  important 
district,  but  he  could  not  say  what  it  might  become  with  further  develop- 
ment. 
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Correspondence. 
Mr.  David  Burns  wrote  that  the  Organos  mining-field  seemed  cal- 
culated to  intensify  the  mystery  that  surrounded  the  origin  of  veins, 
rather  than  to  afford  material  for  a  solution  of  the  problem.  The  features 
recorded  are  pretty  much  what  obtain  when  veius  occur  in  extremely 
metam  Orphic  rocks,  save  that  the  veins  appeared  to  be  of  a  specially  weak 
and  fi-agmentary  character,  but  probably  more  extended  operations  and 
deeper  working  would  show  a  greater  continuity  than  now  appears 
probable.  It  is  abundantly  clear  from  this  paper  and  from  many  other 
observations,  that  the  contents  of  the  bedded  veius  were  to  a  great  extent 
determined  by  the  surface  of  the  ground,  and  that  consequently  they  were 
filled  when  the  surface-configuration  was  approximately  what  it  is  now. 
This  is  proved  by  the  contents  of  the  veius  altering  iu  depth,  and  in  most 
cases  disappearing  altogether.  The  conversion  of  pyrites  into  gossan 
is  easily  explained  by  atmospheric  influences,  but  the  displacement  of 
auriferous  quartz  by  flucan,  as  greater  depth  is  attained,  admits  of  no 
such  solution.  Neither  does  the  segregation  idea  help  us  at  all.  Let 
us  suppose  that  a  limited  amount  of  intensely  heated  and  highly  fluid 
mineral  substances  was  escaping  from  the  interior  along  contact-planes 
as  being  the  planes  of  least  resistance.  So  long  as  these  substances 
remained  perfectly  fluid,  they  would  allow  the  rift  between  the  rocks  to 
close  behind  them,  but  when  they  began  to  cool  down  and  became  viscous, 
they  would  begin  to  clog  up  the  vent,  those  with  the  lowest  melting-point 
getting  nearest  the  surface.  This  assumption  explained  why  such  veins 
so  frequently  disappear  in  depth  and  present  a  distinct  succession  of 
mineral  iu  depth.  It  was  inconceivable  that  pyrites  and  quartz  could 
traverse  the  planes  of  bedding  of  the  country-rock  by  any  other  agency 
than  galvanic  action.  If  galvanic  action  had  caused  the  segregation, 
would  not  the  metals  of  the  veins  be  found  in  continuous  ribs,  and  the 
metals  in  the  metallic  form  instead  of  as  ores  ?  Metalliferous  veins  are 
generally  found  intersecting  dykes  and  cross-courses  and  are  thus  proved 
to  be  of  later  age,  and  they  may  be  of  a  much  later  period  than  has 
hitherto  been  suspected.  Mr.  Halse  says  "  the  rock  on  either  side  of  the 
original  fissure  is  often  decomposed  and  mineralized,  and  frequently 
exhibits  joints  or  iissure-planes  parallel  thereto,"  but  this  feature  was  well 
explained  by  the  theory  of  the  eruption  of  vein-stuff  from  below,  and  not 
at  all  by  the  author's  theory  of  secretion.  Much  of  the  quartz  and  clay  in 
the  veins  may  be  the  country  rock  completely  metamorphosed  by  the  hot 
erupted  vein-matter,  whereas  the  rocks  just  referred  to  have  been  less 
altered.     The  fissure-veins  that  appeared  to  widen  in  depth  are  probably 
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stronger  or  have  had  more  cover  than  those  that  narrow  downwards  ;  and 
those  that  widen  in  depth  will  ultimately  narrow  if  followed  far  enough ; 
their  fluids  having  been  able  to  expend  most  of  their  energies  before 
reaching  the  surface,  while  those  that  are  widest  at  the  outcrop  have  not. 
Mr.  E.  Halsb  wrote  that  Mr.  David  Burns  appeared  to  think  that 
veins  were  filled  by  mineral  substances  ascending  them  in  a  more  or  less 
molten  condition.  This  seems  an  extraordinary  view  to  take,  and  one  to 
which  the  writer  believes  the  present  structure  of  veins  lends  no  support 
whatever.  On  the  contrary,  all  the  evidence  seems  to  show  that  the 
mineral  substances  were  deposited  from  chemical  solution  (presumably 
from  heated  waters,  but  not  necessarily  so  in  all  cases).  The  writer  has 
advanced  no  new  theory  in  his  paper,  but  he  has  taken  the  most  generally 
accepted  one,  that  of  lateral  secretion— first  outlined  by  Delius  in  1770, 
and  in  recent  years  propounded  with  much  scientific  evidence  by  Fridolin 
Sandberger,*  and  largely  supported  by  such  keen  observers  as  Emmons, 
Curtis,  Becker,  and  others— as  explaining  best  the  mode  of  filling  of  at 
least  the  superficial  veins  of  the  district  described.  No  single  theory  will 
explain  all  the  phenomena  connected  with  mineral  veins,  nor  can  it  be 
expected  to  do  so,  for  the  structure  is  often  extremely  complicated,  owing 
probably  to  the  veins  having  undergone  many  physical  and  chemical 
changes  since  the  first  filling. 


The  President  proposed  a  vote  of  thanks  to  the  writer  of  the  paper, 
Mr.  M.  Walton  Brown  seconded  the  vote  of  thanks,  which  was 
cordially  adopted. 


The  Rev.  G.  M.  Capell  read  the  following  paper  on  the  "Manometric 
Efficiency  of  Fans"  : — 

*    Untcrmiclbunycn,  iihcr  ErzgaiKjc,  1882,  1885, 
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MANOMETRIC  EFFICIENCY  OF  FANS. 


By  the  Rev,  G.  M.  CAPELL. 


It  is  now  about  ten  years  since  the  term  "manometric  efficiency" 
was  brought  prominently  forward  by  Mi:  Daniel  Murgue,  and  the  tenn  is 
one  not  generally  undei-stood.  It  refers  simply  to  the  relation  of  the 
water-gauge  to  the  speed  of  the  blade-tips  of  a  fan,  and  has  no  necessary 
relation  to  the  useful  effect  of  a  fan. 

Mr.  G.  Herbst,  in  speaking  of  fan  tests,  specially  remarks  that  high 
manometric  effect  does  not  necessarily  imply  high  useful  effect.  In  fact 
the  evidence  of  tests  by  Fan  Commissions  prove  the  exact  contrary,  as 
will  be  shown  later  on.  When  we  consider  that  the  water-gauge  and 
volume  represent  two  sides  of  a  balance,  of  which  the  water-gauge 
represents  the  longer  arm,  it  seems  natural  to  expect,  if  the  water- 
gauge  be  reduced,  that  the  volume  of  air  will  be  increased,  and  with  it  the 
useful  effects  at  a  given  speed.  "With  high  manometric  effect,  the  fan  is 
not  working  on  a  full  flow  of  air,  and  consequently  is  wasting  power  in 
creating  the  high  vacuum  implied  in  a  maximum  water-gauge  with  a 
minimum  quantity  of  air  passing. 

In  the  trials  of  Guibal  fans  by  the  Committee  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,*  the  50  feet  Guibal  fan 
at  St.  Hilda  colliery  showed  a  useful  effect  of  -42 '09  per  cent.,  while  the 
manometric  effect  was  G-L'l  per  cent. ;  the  40  feet  Guibal  fan  at  Pemberton 
colMery  showed  a  useful  effect  of  52-95  per  cent.,  with  a  manometric 
effect  of  52-1  per  cent. ;  the  Guibal  fan  at  Cannock  Wood  colUery  showed 
a  useful  effect  of  47'95  per  cent.,  with  a  manometric  effect  of  56  per 
cent.;  and  the  Waddle  fan  at  Celynen  colliery,  with  a  useful  effect  of  50'5 
per  cent.,  gave  a  manometric  effect  of  45*7  per  cent. 

Another  consideration  comes  in  next,  that  is  the  position  of  the  end 
of  the  water-gauge  tube.  In  all  the  early  Guibal  fans  the  water-gauge 
tube  was  placed  either  in  the  centre  of  the  inlet  over  the  bearing  or  in 
the  fan  case.  Now  this  makes  a  considerable  difference  in  the  calculation 
of  the  manometric  effect.     If  another  water-gauge  were  placed  on  the 

*  Trans.  X.  E,  Inst.,  vol.  xxs.,  page  273. 
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drift,  20  feet  from  the  fan  inlet,  another  and  a  lower  reading  would  be 
shown.  There  is  an  instructive  example  in  the  trials  of  the  30  feet  Guibal 
fan  at  Staveley  colliery  by  Mr.  Robert  Howe,*  at  56  revolutions  of  the  fan 
the  water-gauge  in  the  inlet  was  2*52  inches,  with  a  manometric  effect  of 
73  per  cent. ;  but  the  water-gauge  in  the  drift  was  2*10  inches,  with  a 
manometric  effect  of  60*3  per  cent.  There  is  a  difference  of  about  13  per 
cent,  in  the  manometric  effect,  obtained  by  changing  the  water-gauge  from 
a  position  at  the  fan-inlet  to  the  drift-door,  which  was  close  to  the  fan- 
inlet.  At  a  distance  of  20  feet,  the  manometric  effect  would  have  been 
much  less. 

In  recent  trials  of  fans  by  a  private  commission  in  Belgium,  there  is 
an  interesting  series  of  diagrams  showing  the  position  of  fan-inlets  and 
the  water-gauges  at  various  points.  At  the  Rieu-du-Coeur  colliery,  a  Eateau 
fan  has  been  erected,  and  this  fan  is  said  to  show  a  manometric  effect  of 
80"2  per  cent.,  with  a  useful  effect  of  from  35  to  47  per  cent.  The 
position  of  the  water-gauge  tube  was  peculiar.  The  conical  adjutage, 
joining  the  fan  to  the  drift,  is  of  small  diameter,  not  above  4^  feet,  and 
the  water-gauge  tube  is  placed  in  it.  With  59,488  cubic  feet  of  air  ijassing, 
the  velocity  would  be  4,210  feet  per  minute  in  the  tube,  and,  by  Dr. 
Button's  rule,  the  water-gauge  due  to  that  velocity  would  be  1'70  inches, 
representing  a  very  large  deduction  from  the  4*29  inches  shown,  had  the 
gauge  been  taken  on  the  door  of  the  large  drift,  from  which  the  fan  was 
drawing.  Yet  a  comparison  is  made  of  the  manometric  effect  of  that  fan, 
with  its  water-gauge  tube  in  the  position  described,  with  that  of  a  Capell 
fan  at  the  Prosper  colliery,  with  the  water-gauge  tube  placed  about  90 
feet  from  the  double  inlets  of  the  fan,  in  a  drift  of  55  square  feet  area, 
the  water-gauge  showing  6*10  inches. 

If  manometric  effects  are  to  be  of  any  use  in  comparisons,  the  con- 
ditions of  taking  them  should  be  settled,  as  they  become  misleading  when 
made  under  wholly  different  conditions.  In  the  report  of  the  Belgian 
Commission,  only  the  Guibal  fans  appear  to  have  been  tested  under 
similar  manometric  conditions. 

Another  point  is  worthy  of  notice,  that  a  very  small  fan  passing  a 
large  volume  of  air  has  to  raise  that  air  to  a  high  velocity  ;  and  velocity 
means  work  done,  and  it  is  fair  to  measure  the  work  done,  remembering  that 
the  static  water-gauge  {i.e.,  the  water-gauge  taken  out  of  the  air-current  in 
the  fan-drift)  is  the  water-gauge  which  should  be  effective  for  the  ventila- 
tion of  a  mine.  That  water-gauge  can  always  be  ascertained  by  taking  a 
reading  on  the  outer  door  of  the  fan-drift,  the  inner  door  being  open.     If 

*  Trans.  Chesterfield  Inst.,  vol.  i.,  page  46. 
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all  water-gancres  were  taken  thus,  the  useful  effects  would  become  less,  as 
at  present  calculated,  but  the  real  effective  work  of  fans  would  become 
clearer. 

The  writer  has  found  that  the  highest  useful  effects  in  fans  of  the 
double  centrifugal  type  is  obtained  between  47  per  cent,  and  54  per  cent, 
of  manometric  effect.  This  agrees  with  the  results  of  the  Committee  of 
the  North  of  England  Institute  on  Guibal  fans,  and  brings  the  useful 
effects  of  Guibal  fans  down  to  the  level  of  fans  placed  on  Belgian  mines 
by  Mr.  Guibal.  The  position  of  the  water-gauge  tube  in  fan  tests  deter- 
mines not  only  the  manometric  efficiency,  but  the  mechanical  efficiency  ; 
and  the  reduction  of  the  mechanical  efficiency  becomes  a  serious  matter 
in  a  case  where,  with  one  fan,  the  water-gauge  tube  is  placed,  say,  60  feet 
away  from  the  inlet  of  the  fan,  while  with  the  other  fan  the  water-gauge 
tube  is  placed  in  or  close  to  the  inlet.  It  follows,  that  in  such  calculations, 
some  fixed  distance  from  the  inlet  should  be  settled  for  the  water-gauge 
tube  end,  so  as  to  avoid  conclusions  which  are  misleading  and  inaccurate. 

Another  point  of  discussion  is  whether  the  water-gauge  effect  on  the 
mine  ventilation  is  the  same  with  a  double-acting  as  with  a  single-acting 
centrifugal  fan.  Experiments  with  two  fans  acting  in  succession,  i.e., 
one  fan  discharging  into  the  inlet  of  another,  show  that  the  effect  is 
not  the  same  as  with  only  one  fan  acting  on  the  mine  at  a  given  speed. 
The  writer  believes  fully  in  the  difference,  and  this  is  a  point  which 
would  at  once  raise  a  question  as  to  the  real  worth  of  exceptionally  high 
manometric  effects. 

The  manometric  rule  of  Mr.  Murgue  shows  a  theoretical  gauge  double 
of  that  given  by  Mr.  Guibal  h  =■  u^  -=r  g ;  while  Mr.  Guibal  used 
]i  =  ?/2  _^  2g. 

A  curious  point  comes  out  in  examining  these  water-gauges  and 
manometric  effects.  If  a  fan  gives  80  per  cent,  of  manometric  effect, 
then  the  speed  of  the  air  flowing  into  the  vacuum,  formed  by  the 
revolving  blade-tips,  is  greater  than  the  velocity  of  the  actual  circum- 
ference of  the  fan.  Take  the  case  of  a  fan  9 "2  feet  in  diameter, 
giving  80  per  cent,  of  manometric  effect  at  228  revolutions  and  4*29 
inches  of  water-gauge.  The  velocity  due  to  a  depression  of  4*29  inches, 
calculated  by  the  following  formula:  v  =  -^h  x  66-1,  is  136'7  feet 
per  second  or  8,202  feet  per  minute,  while  the  periphery  speed  of  the 
fan  is  only  6,573  feet  per  minute.  It  is  extremely  probable,  if  a  lower 
velocity  of  blade-tip  speed  can  raise  a  depression  producing  a  higher  speed 
of  air,  that  there  are  some  deeper  problems  underlying  the  action  of 
centrifugal  fans  than  have  been  thought  of,  and  the  whole  theory  of  fan 
action  may  have  to  be  revised. 
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The  object  of  the  writer  of  this  paper  is  to  show  that  high  manometric 
effect  does  not  necessarily  imply  high  useful  effect,  and  also  to  point  out 
the  need  of  some  accepted  rules  for  testing  fans,  to  avoid  unsafe  results 
in  manometric  effect  and  useful  effect  in  comparing  fans,  where  the 
water-gauge  has  been  placed  under  entirely  different  conditions. 

Further  trials  were  made  on  May  23rd  last,  of  the  Guibal  and  Capcll 
fans  at  the  Maries  collieries,  in  the  north  of  France.     The  results  were  : — 

Fan,  diameter  (feet) 
Revolutions  per  minute,  engine 

Do.  do.,  fan   ... 

Water-gauge,  near  inlet  (inches) 

Do.  in  main  drift  in  a  recess, 

and  common  to  both  fans  (inches)  .. .  0'9.o        ...  8"3o 

Volume  of  air  per  minute  (cubic  feet)        72,559         ...         203,328 

The  difference  of  0*45  inch  between  the  inlet  and  static  water-gauge 
in  the  case  of  the  Guibal  fan  is  very  large,  while  the  difference  between 
the  inlet  and  static  water-gauge  in  the  case  of  the  Capell  fan  is  only  0'75 
inch.  The  efficiency  of  the  Guibal  fan  is  very  low,  being  only  39  per 
cent,  of  the  inlet  water-gauge. 


Guibal  Fan. 

Capell  Fan 

23 

12| 

75 

63 

75 

306 

1-40 

9-10 

The  President  said  he  thought  it  would  l^e  desirable  in  discussing 
this  paper,  to  take  at  the  same  time  the  discussion  on  the  following 
papers : — "Observations  on  Fans  of  Different  Types  Working  on  the  same 
Upcast  Shaft,"  by  the  Rev.  G.  M.  Capell;*  and  "Experiments  upon  a 
Waddle  Fan  and  a  Caj^ell  Fan  Working  on  the  same  Mine  at  Equal 
Periphery  Speeds  at  Teversal  Colliery,"  by  Mr.  J.  C.  B.  Hendy.f 

Mr.  W.  Cochrane  said  he  would  like  Mr.  Capell  to  make  his  meaning 
perfectly  clear  as  regards  the  manometric  efficiency.  In  the  paper  it  was 
said  to  refer  "  simply  to  the  relation  of  the  water-gauge  to  the  speed  of  the 
blade-tips  of  the  fan,  and  had  no  necessary  relation  to  the  useful  effect  of 
the  fan."  Did  this  mean  that  the  manometric  efficiency  was  the  water- 
gauge  (irrespective  of  where  it  was  taken)  compared  with  the  theoretical 
water-gauge  ?  If  so,  it  was  simply  the  relation  of  the  indicated  water- 
gauge  (the  water-gauge  itself,  measured  and  seen)  to  the  theoretical 
water-gauge ;  and  he  wanted  to  know  whether  the  latter  was  based  upon 

h   =    W^   _1_  g  Qp  ]i    =    ii'i   _!.    2f)  ? 

Mr.  A.  L.  Steavenson  referred  to  the  same  paragraph  as  to  the 
manometric  efficiency  in  which  Mr.  Capell  said  "  it  refers  simply  to  the 

*  Trans.  Fed.  Inst.,  vol.  iv.,  page  203.  f  iZ>«VZ.,page  474. 
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relation  of  the  water-gauge  to  the  speed  of  the  blade-tips  of  a  fan,  and 
has  no  necessary  relation  to  the  useful  effect  of  a  fan."  If  they  took 
any  ventilator  and  found  that  some  part  of  its  work  was  performed 
more  efficiently  than  in  any  other  fan,  it  followed  that  the  useful  effect, 
all  things  being  equal,  would  also  be  higher,  Mr.  Thomas  Bell  (H.M. 
Inspector  of  Mines)  and  Mr.  Cooke  were  the  first  to  make  observations 
upon  the  pseudo  water-gauge,  and  they  noted  that  the  water-gauge  in  the 
case  of  the  Guibal  fan  had  in  all  cases  exceeded  w^  4-  2g,  which,  he 
thought,  was  accounted  for  by  the  action  of  the  evasee  chimney.  Un- 
doubtedly the  evasee  chimney  entirely  altered  the  conditions  under  which 
the  speed  of  the  blade-tips  governed  the  theoretical  water-gauge.  The 
general  law  of  the  manometric  efficiency  of  fans  was  now  so  well 
estabUshed  that  it  could  not  be  resisted  ;  in  fact,  Mr.  Capell  had  recog- 
nized the  advantage  of  the  evasee  chimney,  and  now  used  it  in  the  con- 
struction of  his  fan.  The  only  question  now  in  dispute  was  the  position 
of  the  water-gauge.  He  thought  the  proper  position  was  at  such  a 
distance  from  the  fan  that  it  was  not  affected  by  the  speed  of  the  fan, 
say,  for  instance,  at  the  bottom  of  the  pit. 

Prof.  J.  H.  Merivale  said  he  understood  Mr.  Capell  to  say  that  it 
should  be  taken  as  near  to  the  fan  as  possible,  and  where  the  air  was 
practically  at  rest.     The  best  position  would  be  in  the  fan-chamber. 

Mr.  Capell  said  with  regard  to  the  question  of  the  higher  manometric 
efficiency  necessarily  implying  a  higher  useful  effect,  his  own  experience 
was  diametrically  opposed  to  such  a  conclusion,  and  in  the  recent  experi- 
ments at  Maries  colliery,  carefully  conducted  by  capable  engineers,  they 
arrived  at  a  result  which  was  a  startling  surprise. 

Mr.  "W.  Cochrane  asked  the  meaning  of  "  double  centrifugal  type  of 
mine-ventilator,"  and  whether  it  applied  to  others  than  the  Capell  fan  ? 
Would  he  call  the  Guibal  or  Waddle  fans  "  double  centrifugal "  ? 

Mr.  Capell  said  they  were  single-centrifugal  fans,  but  the  Pelzer  and 
Rateau  fans  were  of  the  double  centrifugal  type. 

Mr.  W.  Cochrane  referred  to  Mr.  Capell's  statement  that  "some 
fixed  distance  from  the  inlet  should  be  settled  for  the  water-gauge  tube- 
end,  so  as  to  avoid  conclusions  which  are  misleading  and  inaccurate."  If 
he  (Mr.  Cochrane)  remembered  rightly,  Mr.  Capell  argued  in  a  previous 
discussion*  that  the  principle  of  the  Capell  and  similar  fans  was  such 
that  they  carried  back  (for  the  same  velocity  of  blade-tip)  a  water-gauge 
very  much  farther  into  the  mine  than  any  other  kind  of  fan  ;  therefore, 
if  at  the  surface,  a  distance  of  20  feet  or  so  away,  were  settled  as  a 
*  Trans.  Fed,  Inst.,  vol.  iv.,  page  204. 
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suitable  position  for  the  water-gauge,  an  advantage  would  be  claimed  in 
all  cases  for  Capell  fans  and  those  of  similar  type  ;  that  is,  that  they 
would  be  able  to  indicate  a  higher  water-gauge  at  a  distance  of  20  feet 
from  the  fan  than  any  other  fan.  The  Gruibal  fan  at  Maries,  which 
produced  72,559  cubic  feet  at  0*95  inch  water-guage,  in  the  fan  drift 
would  produce  203,000  cubic  feet  in  the  same  mine  at  7*4:36  inches  of 
water-guage.  It  seemed  to  him  that  the  Capell  ftin  indicated  a  higher 
water-guage  to  circulate  this  volume  than  the  Guibal  fan,  but  such 
higher  water-guage  was  not  required,  and  ought  to  yield,  if  utilized,  a 
much  larger  volume  of  air  than  203,000  cubic  feet  per  minute. 

Mr.  Capell  asked  what  would  have  been  the  water-gauge  of  the 
Guibal  fan  when  circulating  203,000  cubic  feet  per  minute  ? 

Mr.  Cochrane— In  the  proportion  of  72^  :  203^  =  0*95  :  7-436 
inches. 

Mr.  A.  L.  Steavenson  said  that  if  they  took  the  experiment  on  the 
Guibal  fan  and  used  the  formula  u^  -f-  2g,  they  got  an  efficiency  exceed- 
ing 100  per  cent.,  which  was  impossible.  It  was  necessary  to  recognize 
the  effect  of  the  evasee  chimney,  and  the  square  of  the  speed  of  the 
periphery  should  be  divided  by  r/  and  not  2f/. 

Mr.  T.  H.  M.  Stratton  said  he  would  leave  the  scientific  part  of  the 
discussion  to  Mr.  Cochrane,  but  he  thought  Mr.  Capell  was  under  a 
mistake  if  he  assumed  that  the  manometric  efficiency  had  anything  to  do 
with  the  useful  effect.  If  they  had  a  fan  perfectly  suitable  to  the  size 
of  the  mine,  running  at  a  certain  speed,  and  with  its  outlets  and  intakes 
adapted  to  that  mine,  they  obtained  a  high  useful  effect,  but  they  could 
not  predict  the  proper  size  of  fan  to  put  up  unless  they  knew  the  area  of 
the  orifice  of  the  mine. 

Mr.  W.  C.  Blackett  said  he  was  in  considerable  doubt  as  to  what 
Mr.  Capell  meant  to  convey  by  his  paper,  more  especially  as  to  water- 
gauges.  From  his  use  of  the  term  "  static  "  as  applied  to  a  water-gauge 
in  one  part  of  his  remarks,  and  in  another  to  some  mysterious  influence 
"thrown  back  from  the  fan,"  he  (Mr.  Blackett)  was  not  able  to  say 
whether  the  difference  was  due  to  this  mysterious  influence  "thrown 
back,"  or  to  the  dynamical  effects  of  the  air-currents.  As  Mr.  Capell 
used  the  word  "  static  "  he  thought  he  had  in  mind  the  dynamic  effects 
of  air-currents  passing  the  open  mouth  of  a  tube  connected  with  the 
water-gauge  ;  this  was  one  thing,  but  this  influence  "  thrown  back " 
from  the  fan  was  another,  and  he  (Mr.  Blackett)  could  not  quite  under- 
stand whether  in  speaking  of  having  to  be  careful  against  the  static  gauge 
they  were  to  be  careful  to  get  out  of  this  mysterious  influence  or  to  get 
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out  of  the  influence  of  the  dynamic  effects  of  air-currents.  In  the  latter 
case,  he  did  not  see  how  putting  the  water-gauge  on  the  second  of  the 
separation-doors  got  over  the  difficulty,  as  in  that  case  they  simply 
altered  the  shape  and  length  of  what  might  be  called  equivalent  to  the 
tube  of  the  water-gauge.  He  understood  Prof.  Merivale  to  say  that  it 
was_  not  necessary  for  the  air  in  connexion  with  the  water-gauge  to  be 
perfectly  at  rest,  but  Mr.  Capell  considered  that  it  should  be  at  rest.  But 
he  (Mr.  Blackett)  took  it  that  in  all  water-gauges  connected  by  the 
fan-di'if t  with  the  tube,  the  air  in  the  tube  was  at  rest,  and  merely  altering 
the  shape  of  the  end  of  the  tube  and  expanding  it  into  a  passage  at 
right  angles — or  any  other  angle — to  the  fan-drift  did  not  provide  them 
with  air  not  in  motion,  and  he  thought  in  fact  the  widening  out  of  the 
tube  and  placing  the  widened  mouth  against  the  air-current  might  prevent 
them  getting  much  water-gauge  at  all.  About  fifteen  years  ago  he  made 
some  experiments  upon  a  Schiele  fan  with  the  special  object  of  getting  to 
know  the  influence  of  the  position  and  direction  of  the  pipe  upon  the 
readings  of  the  water-gauge,  in  relation  to  the  air -current  and  the  orifice 
of  the  fan,  and  he  was  able  to  get  from  0'30  inch  with  the  pipe-mouth 
facing  the  current  to  over  2  inches  where  the  pipe  was  reversed,  and 
there  was  at  the  same  time  about  0*50  inch  registered  on  the  drift  doors. 
Although  Mr.  Cochrane  might  l)e  in  doubt  as  to  which  theoretical  water- 
gauge  ought  to  be  accepted,  there  was  considerably  more  doubt  as  to  how 
they  were  to  measure  the  practical  water-gauge,  and  he  had  not  heard 
anyone  yet  give  any  rule  as  to  taking  a  water-gauge  that  would  be 
equally  applicable  to  any  fan-drift.  He  thought  they  would  always  have 
differences  in  their  observations — one  gentleman  on  one  side  doubting 
the  veracity  of  another  gentleman  on  the  other  side  as  to  the  results 
produced  from  their  respective  fans — unless  they  could  hit  upon  some 
contrivance,  be  it  simple  or  otherwise,  for  getting  a  water-gauge  free 
from  all  influence  of  air  in  motion,  and  especially  free  from  that 
mysterious  influence  which  Mr.  Capell  said  was  capable  of  being  "  thrown 
back  "  from  the  fan. 

Mr.  A.  L.  Steayekson  said  he  thought  he  could  elucidate  the  matter. 
The  water-gauge  decreased  as  they  got  farther  away  from  the  fan,  until 
they  reached  a  point  at  which  it  became  practically  constant.  If  a  fan 
created  a  vacuum  giving  more  air  than  the  fan  could  contain,  they  would 
get  a  pseudo  water-gauge.  A  large  fan  of  40  or  50  feet  in  diameter 
produced  no  pseudo  water-gauge :  but  a  small  fan  running  on  a  large 
mine  produced  great  pseudo  water-gauge,  because  the  vacumn  produced 
more  air  out  of  the  mine  than  the  fan  could  swallow. 
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Mr.  "W.  C.  Blackett  rejoined  that  Mr.  Steaveiison's  statement 
proved  that  he  was  more  influenced  by  the  mysterious  influence  of  the 
fan  "  throwing  back "  than  by  the  dynamical  effects  of  the  air-current, 
and  he  (Mr.  Blackett)  was  still  in  as  much  doubt  as  ever  as  to  which 
should  have  the  more  importance  attached  to  it. 

Mr,  Capell  said  that  in  order  to  avoid  all  dynamic  influence  of  the 
current  on  the  water-gauge,  he  had  tried  the  experiment  of  using  a  sharp 
pointed  tube,  which  he  drove  into  a  ball  of  worsted  where  nothing  could 
get  at  it.  For  practical  use  a  tube  of  perforated  zinc  placed  on  the  end 
of  the  water-gauge  tube,  and  covered  with  cotton-wool  and  then  wrapped 
over  with  several  layers  of  flannel  was  equally  efficient. 

Mr.  T.  H,  M.  Stratton  said  that  roughly  speaking,  they  might  put 
the  manometric  eflicieucy  of  the  Guibal  fan  at  0'64  and  the  "Waddle, 
Schiele,  and  Capell  at  0*4 6. 

Mr.  Fereier  said  he  did  not  think  the  manometric  efficiency  affected 
the  mechanical  efficiency,  for  the  highest  manometric  efficiency  was 
obtained  when  the  mine  was  shut  off,  when  the  mechanical  efficiency 
was  nil.  He  did  not  see  how  the  dynamic  effects  could  very  readily  be 
produced  in  a  substance  of  such  small  density  as  air  ;  in  hydraulic  experi- 
ments they  had  a  very  great  effect  on  the  pressure  at  a  particular  point  along 
the  pipe  through  which  the  water  was  passing,  but  he  thought  this  was 
very  different  to  what  the  effect  would  be  on  a  substance  of  such  small 
density  as  air.  The  energy  must  be  very  small  in  consequence  of  the 
small  weight  of  air,  and  it  was  difficult  to  see  how  the  dynamic  effect 
could  produce  an  appreciable  effect  on  the  water-gauge.  They  might 
suppose  that  the  pressure  would  form  rapidly  as  it  went  along  the  drift  to 
the  end  of  the  fan,  but  it  would  be  difficult  to  find  at  what  part  it  would 
be  best  to  place  the  water-gauge  ;  it  would  depend  largely  on  the  passage 
through  which  the  air  was  moving  ;  the  larger  the  area  through  which 
the  air  was  passing  the  less  the  pressure  required  to  drive  it  through. 

Mr.  Capell  said  if  they  took  a  glass  tube  3  feet  long  and  blew  across 
its  end  they  would  get  a  water-gauge  of  14  or  15  inches,  and  this  was 
exactly  what  happened  in  a  tube  placed  in  a  very  high  velocity  of  air- 
cmi'ent ;  the  air  whisthng  past  its  end  raised  the  observed  water-gauge  to 
a  higher  point  than  the  static  water-gauge  would  be. 

Mr.  J.  C.  B.  Hendy  said  that  he  agreed  with  Mr.  Capell's  remarks  as 
to  the  dynamic  results  observed  in  the  drift.  The  dynamic  water-gauo-e 
would  be  due  to  the  velocity  or  impulse  of  the  air  passing  the  orifice  of  the 
tube  ;  that  is  to  say,  if  the  orifice  of  the  water-gauge  tube  was  uncovered 
in  one   instance  and   covered   in  another,  there  would  probably  be  a 
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difference  in  the  water-s^auge,  and  that  difference  would  l)e  due  to  the 
dynamic  effect.  He  understood  Mr.  Capell  to  say,  in  the  paper  he  had 
just  read,  that  a  fan  might  have  a  very  high  manometric  efficiency  and  at 
the  same  time  a  low  mechanical  efficiency,  and  that  one  machine  might  be 
a  better  ventilator  with  a  high  manometric  efficiency  and  a  low  mechanical 
efficiency,  than  another  machine  which  gave  a  comparatively  low  mano- 
metric efficiency  and  high  mechanical  efficiency.  This  raised  the  question 
as  to  whether  they  were  to  judge  the  fan  and  engine  as  a  whole,  or  one 
machine,  or  to  separate  the  two  and  simply  judge  the  fan  from  its  mano- 
metric efficiency  and  the  volume  of  air  it  produced.  No  doubt  the  fan 
might  suffer  in  the  comparison  if  diiven  by  a  badly  constructed  or 
inefficient  engine,  but  on  the  other  hand  they  ought  to  know  which  fan 
requii-ed  the  most  engine  power,  and  he  thought  that  experiments  ought 
to  be  made  so  as  to  obtain  such  data  as  would  enable  them  to  make  a  fair 
all-round  comparison.  In  most  of  the  cases  quoted  by  Mr.  Capell  where 
a  Guibal  or  other  large  fan  had  been  replaced  by  a  Capell  fan,  it  should 
not  be  forgotten  that  the  former  had  been  replaced  by  a  Capell  fan  designed 
to  give  a  much  larger  volume  of  air  than  the  old  fan  was  capable  of 
exhausting,  and  (in  the  comparisons  he  makes)  he  gives  the  calculated 
water-gauge  required  for  the  old  fan  against  the  actual  water-gauge 
obtained  with  the  new  fan.  He  did  not  think  it  was  right  to  compare  the 
calculated  water-gauge  from  a  fan  designed  to  produce  say  50,000  cubic 
feet  per  minute  with  the  actual  water-gauge  given  by  a  new  fan  designed 
to  produce  120,000  or  150,000  cubic  feet  per  minute.  What  they  wanted 
was  a  comparison  between  fans  each  designed  for  the  same  duty  and 
working  under  the  same  conditions,  and  so  far  as  he  could  remember  Mr. 
Capell  had  not  quoted  any  such  instance. 

Mr.  M.  Walton  Brown  said  that  Mr.  Gruibal  (many  years  ago) 
showed  that  in  either  a  cased  or  open-ruiming  fan  a  force  equal  to  that 
induced  by  the  velocity  of  the  circumference  was  wasted,  and  he  further 
proved  that  the  ideal  centrifugal  fan  should  be  provided  with  an  expand- 
ing-chimney  or  similar  apparatus  which  would  utilize  the  work  remaining 
in  the  ail*  on  its  issue  from  the  fan.  If  that  adjunct  was  of  infinite 
dimensions,  Mr.  Guibal  showed  that  the  water-gauge  would  be  doubled, 
and  it  had  not  been  found  difficult  in  practice  to  make  a  centrifugal  fan, 
provided  with  an  expauding-chimney,  produce  80  to  83  per  cent,  of  the 
theoretical  yield  calculated  by  the  formula  u^  —■  g.  In  other  words,  Mr. 
Gruibal  accepted  ifi  -r-  2g  as  the  value  of  the  theoretical  water-gauge 
produced  by  either  cased  or  open-running  centrifugal  fans ;  and  in  the 
case  of  the  ideal  centrifugal  fan  provided  with  sliding-shutter  and  expand- 
ing-chimney,  he  proved  that  this  value  of  the  theoretical  water-gauge  was 
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doubled,  or  2  {ii'^  -i-  2fj)  =  u^  -^  y,  which  agrees  with  Mr.  Murgue's 
formula.  He  (Mr.  Brown)  could  not  accept  Mr.  Capell's  view  that  the 
mauometric  efficiency  of  any  type  of  fan  could  be  considered  as  having  a 
constant  fixed  value,  irrespective  of  the  conditions  of  the  mine.  The 
following  table  records  the  work  of  the  old  single  open-running  inlet  fan 
at  Birch  Coppice  colliery,*  together  with  certain  calculated  results  deduced 


°a 

Observations. 

Calculated  Results  at  1061 
Revolutions  per  Minute. 

Squares  of 
Volume. 

Water- 

gauge. 

Ratio  of  Observed  (h) 
to  Theoretical  Water- 
gauge  (Ti"  =  1-988  in.). 

«    1 

0. 

6 

I 
1 

h 

lo 

Volume  of 
Air  per 
Minute. 

f6 
bO 

1 

's  "-r 

"a 
o 

S  1 

5 

Cubic  Ft. 

Ins. 

Sq.  Ft. 

Cubic  Ft. 

Inches. 

Ins. 

Ins. 

1 

152 

70,280 

1-10 

24-75 

49,057 

0-536 

2,406,599,249 

0-577 

-0-041 

0-269 

2 

120 

60,000 

0-70 

26-53 

53,050 

0-547 

2,814,302,500 

0-544 

0-003 

0-275 

3 

137 

73,000 

0-90 

28-47 

56,535 

0-539 

3,198,200,225 

0-513 

0-026 

0-271 

4 

137 

73,000 

0-85 

2i»-30 

56,535 

0-509 

3,198,206,225 

0-513 

-0-004 

0-256 

6 

152 

118,498 

0-45 

65-35 

82,714 

0-219 

6,841,605,796 

0-216 

0-003 

0-110 

therefrom.  If  a  diagram  be  made  with  the  squares  of  the  volumes  (v^)  as 
abscissae,  and  the  observed  water-gauges  (Ji)  as  ordinates,  a  straight  line 
could  be  drawn  approximately  through  the  five  points,  having  for  its 
equation  h  =  0-773  inch  —  0-000,000,000,081,5  «;'-^.  The  calculated 
water-gauges  (Ji')  are  obtained  fi-om  this  formula,  and  the  difference 
(Ji  —  h')  shows  the  apparent  errors.  These  differences  are  slight,  except 
in  the  case  of  No.  1  experiment,  and  may  be  set  down  to  errors  of  obser- 
vation. Taking  the  initial  water-gauge  (0*773  inch)  and  the  observed 
water-gauge  (Ji),  it  will  be  seen  that  the  manometric  efficiency  is  not 
constant  for  the  Bii'ch  Coppice  fan,  and  that  it  varies  from  0-462  at  the 
initial  water-gauge,  to  0*110  in  No.  5  experiment.  Mr.  Capell,  in  a 
previous  paper,!  alleges  that  there  is  "a  different  water-gauge  in  the 
Guibal  fan  when  passing  the  same  volume  of  air  as  the  small  Capell  fan," 
and  "  the  lower  gauge  for  a  given  work  in  air  shows  itself  wherever  the 
Capell  fan  has  replaced  a  Guibal  fan."  The  statement  is  not  borne  out  by 
the  experiments  recorded  in  ]\Ir.  Capell's  paper,  as  the  comparison  is  made 
by  calculation  of  the  results  of  the  Guibal  fan  at  a  low  peripheral  speed 
with  those  of  the  Capell  fan  at  a  much  higher  peripheral  speed,  and  not  by 
direct  comparisons  of  the  water-gauges  of  both  fans  when  actually  passing 
the  same  large  volume  of  air.  Thus  at  Prosper  I  collieries,  the  Guibal  fan 
producing  a  volume  of  59,340  cubic  feet  is  compared  by  calculation  with 

*  Trans.  South  Staffs.  Inst,  3Im.  Eng.,  vol.  xi.,  page  74. 
t  Trans.  Fed.  Inst.,  vol.  iv.,  page  203. 
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the  Capell  fan  volume  of  127,574  cubic  feet  per  minute;  and  at  Maries, 
the  Guibal  fan  exhausting  72,559  cubic  feet  is  compared  with  a  Capell  fan 
producing  203,328  cubic  feet  per  minute.  The  manifest  unfairness  of 
such  comparison  of  the  results  obtained  by  one  fan  with  those  produced 
by  another  fan  running  at  a  much  higher  peripheral  speed  is  clearly 
evidenced  by  a  comparison  of  Xos.  1  and  5  experiments  upon  the  Capell 
(12|  feet  double-inlet)  fan  at  Silverhill  colliery,*  as  follows :  — 

Revolution.s  of  fan  per  miuiite    ... 
Volume  of  air  per  minute  (cubic  feet) 
Water-gauge  in  fan-drift  (inches) 

Taking  No.  1  experiment  of  110,920  cubic  feet  under  1*40  inches  of  water- 
gauge,  the  Capell  fan  would  requii'e  not  less  than  4*50  inches  of  water-gauge 
instead  of  4*10  inches,  actually  observed  in  No.  5  experiment.  These 
experiments  show  that  a  fan  (in  certain  cases)  yields  better  results  than 
a  fan  runnmg  at  a  lower  speed,  and  that  such  an  unfavourable  comparison 
at  a  low  speed  occurs  equally  in  the  case  of  the  Capell  fan  as  in  any  other 
fan.  He  (Mr.  Brown)  had  considered  the  experiments  made  upon  the 
Capell  and  Waddle  fans  at  Teversal  collieries,  and  he  thought  that  the 
following  experiments  were  worthy  of  comparison  : — 


No.  1 

No.  5 

xperimeut. 

E.\perinieut 

123 

215 

110,920 

199,550 

1-iO 

•i-io 

Description 
of  Fau. 

No.  of 
Experi- 
ment. 

Dia- 
meter. 

No.  of 
Revolu- 
tions per 
Miuute. 

Volume 

of  Air 

per  Minute. 

Water- 
gauge. 

Keterence. 

Feet. 

Cubic  Ft. 

Inches. 

Capell 
Waddle     ... 

A, 

16 
30 

113 

52 

88,045 
87,729 

1-40 
1-00 

Trails.  Fed.  Imt. — 

vol.  iv.,  page  476. 
vol.  iv.,     „       477. 

Capell 

B. 

16 

131 

101,747 

1-90 

vol.  iv.,     „      476. 

Waddle     ... 

A 

30 

65 

103,381 

1-95 

vol.  ii.,     „      543. 

Capell 

c, 

16 

135 

116.494 

2-20 

vol.  iv.,     ,,       477. 

Waddle     ... 

c. 

30 

70 

114,309 

2-15 

vol.  ii.,     „       543. 

The  volumes  in  the  above  table,  when  reduced  to  a  peripheral  speed  of  fau 
of  6,000  cubic  feet  per  minute,  show  the  following  comparative  results : — 


Ex^rtoent.     j          CapeUFan. 

Waddle  Fan. 

Cubic  Feet. 
A                          93,000 
B                       92,700 
C           1        103.000 

Cubic  Feet. 
107,400 
101,200 
103,900 

1 
Mean     ...;          96,200                    104,200 

Trans.  Fed.  Inst.,  vol.  ii.,  page  549. 
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These  experiments  also  prove  that  the  Waddle  fan  ]iroduced  practically 
the  same  volume  of  air  at  a  much  less  water-gauge  than  the  Capell  fan  at 
Teversal  collieries. 

Mr,  Capell  said  that  in  considering  the  output  of  fans,  the  cubic 
contents  of  the  fan  and  the  output  per  revolution  should  not  be  forgotten. 
The  Capell  fan  at  Maries  collieries  had  more  than  double  the  output  per 
revolution  of  the  Guibal  fan.  Working  under  the  very  high  water-gauge 
required  at  Maries  collieries,  he  calculated  that  208,000  cubic  feet  would 
be  exhausted  at  310  revolutions  per  minute  under  9  inches  of  water- 
gauge,  and,  as  a  matter  of  fact,  at  306  revolutions  the  quantity  of  air 
was  203,328  cubic  feet  per  minute  under  9' 10  inches  of  water-gauge,  which 
was  very  near  to  the  difficult  guarantee  which  he  had  given.  The  rule 
for  calculating  the  theoretical  water-gauge  referred  to  in  his  paper  was 
Mr.  Murgue's  rule,  h  =  u^  -^  y-  On  the  Continent,  this  rule  is  now 
universally  acknowledged,  and  the  manometric  efficiency  is  measured  by 
its  results.  He  (Mr.  Capell)  did  not  advocate  taking  the  water-gauge 
close  to  the  tan,  as  it  was  then  influenced  by  local  effects.  Where 
practicable,  it  should  be  taken  at  a  distance  of  20  feet,  and  in  a  recess. 
He  was  questioned  with  regard,  to  higher  manometric  efficiency  implying 
higher  useful  effect ;  in  the  December  (1892)  tests  of  the  Maries  fan,* 
the  manometric  effect  with  a  less  volume  of  air  than  was  obtained  in  May 
last  was  0*547,  with  a  mechanical  efficiency  of  0*578.  A  new  form  of 
shutter  had  been  placed  in  the  fan,  and  the  chimney  water-gauge  had  been 
decreased  by  its  use.  The  result  showed  a  coiTesponding  decrease  in  the 
manometric  effect,  as  in  the  last  trials  it  was  only  0*5109,  but  the  useful 
effect  rose  to  0*591.  The  rise  being  about  the  same  as  the  decrease  in  the 
manometric  efficiency.  The  12  feet  single  inlet  fan,  to  which  Mr.  Brown 
refers,  was  the  second  Capell  fan  used  on  a  colliery,  and  was  an  open  fan 
of  a  type  now  discarded,  and  its  results  were  not  constant.  The  fan  was 
an  experimental  one,  from  which  useful  deductions  for  future  work  were 
obtained.  He  (Mr.  Capell)  strongly  protested  against  there  being  any 
unfairness  towards  a  fan  of  40  feet  diameter  and  10  feet  wide  at  Prosper 
colliery  being  compared  with  a  fan  12  feet  6  inches  in  diameter  and  6 
feet  wide,  or  a  fan  23  feet  in  diameter  at  Maries  colliery  being  compared 
with  another  12  feet  6  inches  in  diameter.  The  comparison  is  fair,  as  the 
large  fans  working  on  low  water-gauges  get  the  advantage  of  natural 
ventilation,  which  passes  away  when  producing  water-gauges  of  6  inches 
to  11  inches.  The  unfairness,  if  any,  seemed  to  be  all  the  other  way. 
Two  independent  observers  have  made  tests  of  the  Teversal  fans,  Mr. 
*  Trans.  Fed.  Inat.,  vol.  iv.,  page  215. 
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W.  Piggford  and  Mr.  Maurice  Deacon.  They  have  both  proved  the 
abnormal  resistance  required  to  get  the  air  to  the  Capell  fan  inlet.  Both 
of  them  have  found  that  at  the  same  water-gauge  taken  on  the  same 
water-gauge  pipe  for  both  fans  on  the  drift,  and  in  spite  of  the  resistance 
between  drift  and  inlet,  the  Capell  fan  has  the  advantage  both  in  volume 
and  useful  effect.  The  water-gauge  to  get  the  air  to  the  inlet  from  the 
drift  is  work  done  needlessly,  and  with  a  better  arrangement  the  Capell 
fan  would  use  that  water-gauge  in  getting  large  volumes  of  air.  As  so 
much  discussion  had  been  raised  over  the  trials  of  the  fans  at  Teversal 
collieries,  he  hoped  it  might  be  possible  to  test  the  fans  under  nearly  the 
same  conditions  by  placing  a  temporary  arrangement  in  the  drift  (if  per- 
mission could  kindly  be  given) ;  but  it  would  be  quite  impossible  to  get 
exactly  the  same  conditions  owing  to  the  peculiar  position  of  the  Capell 
fan  which  is  laid  across  the  drift.  Mr.  Cochrane  in  his  calculation  had 
taken  the  static  water-gauge  as  the  water-gauge  of  the  Guibal  fan,  instead 
of  the  inlet  water-gauge,  and  had  left  out  the  effects  of  an  important 
factor,  the  natural  ventilation  of  the  mine,  which  would  come  into  action 
very  strongly  at  the  low  water-gauge  of  1'40  inches,  in  reducing  the  pro- 
portion between  the  inlet  water-gauge  and  static  water-gauge,  but  would 
not  influence  the  high  water-gauges.  As  a  matter  of  fact  there  was  a 
natural  ventilation  of  about  16,000  cubic  feet  per  minute  at  Maries 
colliery,  and  those  who  have  studied  the  recent  paper  of  Mr.  T.  A. 
Southern*  will  at  once  recognize  how  unsafe  it  is  merely  to  rely  on  the 
squaring  of  the  air- volume  to  get  the  water-gauge  required  for  a  large 
increase  of  the  ventilation,  unless  natural  ventilation  is  allowed  for  and  a 
corresponding  proportion  of  water-gauge  added  to  the  direct  calculation 
from  the  squares  of  the  volumes.  In  the  Maries  experiments,  the  23  feet 
Guibal  fan  gave  a  useful  effect  of  39  per  cent,  on  the  water-gauge 
measured  in  the  inlet  of  the  fan,  and  27*9  per  cent,  on  the  static  water- 
gauge  taken  in  a  deep  recess  in  the  wall  of  the  main-diift,  wliich  was  140 
square  feet  in  area.  Hence,  naturally,  the  static  water-gauge  useful 
mechanical  effect  of  the  fan  had  not  been  noticed  in  previous  trials  of  this 
Guibal  fan.  The  Guibal  fan  produced  in  round  figures  72,000  cubic  feet 
per  miuute  at  a  water-gauge  of  1*40  inches  in  the  inlet  to  the  fan;  the 
static  water-gauge  for  203,000  cubic  feet  by  calculation  is  obtained  thus  : 
As  72,0002  :  203,0002  =  1-40  :  11-109  inches.  The  horse-power  in  the 
air  is  found  to  be :  203,000  x  1-40  x  5*20  -H  33,000  =  355-5  horse- 
power ;  and  at  39  per  cent  of  useful  effect,  the  Guibal  fan  would  have 
reqmred  355*5  x  100  -H  39  =  911  horse-power  to  have  produced  203,000 
*  Trans.  Fed.  Inst.,  vol.  iv.,  page  460. 
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cubic  feet  of  air  per  minute.  The  Capell  fan  results  previously  recorded 
show  291'5  horse-power  in  the  air  by  water-gauge  near  inlet,  and  of 
267"5  in  the  air  by  the  static  water-gauge ;  the  engine  being  indicated  at 
495'0  horse-power;  the  useful  effects  being  59'1  per  cent,  by  the  water- 
gauge  taken  near  inlet,  and  54  per  cent,  by  the  static  w^ater-gauge.  The 
contrast  thus  worked  out  is  very  clear,  and  the  elRcieucy  of  the  Guibal 
fan,  worked  out  both  on  the  inlet  water-gauge  and  the  static  water- 
gauge,  is  also  evident.  The  mauometric  efficiency  of  the  Guibal  fan  at  75 
revolutions,  taking  the  inlet  water-gauge,  is  38 "5  per  cent.,  and  taking 
the  static  water-gauge  it  is  26*12  per  cent.  The  Capell  fan,  at  306 
revolutions,  gives  on  the  water-gauge  near  the  inlet  51*09  per  cent,  of 
mauometric  efficiency,  and  on  the  static  water-gauge  gives  46*8  per  cent, 
of  mauometric  efficiency. 

The  Pkesident  said  the  discussion  would  now  be  adjom-ued,  but  in 
the  meantime  he  thought  their  hearty  thanks  were  due  to  Mr.  Capell  for 
endeavouring  to  enlighten  them  on  these  difficult  problems. 

The  proposal  was  cordially  adopted. 

Mr.  Capell  responded  to  the  vote  of  thanks. 


DISCUSSION  UPON  PROF.  F.  CLOWES'  PAPEE  ON  "  A  PORT- 
ABLE SAFETY-LAMP,  WITH  ORDINARY  OIL  ILLUMINAT- 
ING FLAME,  AND  STANDARD  HYDROGEN-FLAME,  FOR 
ACCURATE  AND  DELICATE  GAS-TESTING."* 

In  the  absence  of  Prof.  Clowes,  Mr.  Palmer  exhibited  and  explained 
the  use  of  the  hydi'ogen-oil  safety-lamp. 

The  President  asked  if  the  lamp  was  in  actual  use  ? 

Mr.  Palmer  replied  that  it  had  been  in  actual  use  for  some  months 
at  the  West  Riding  collieries. 

Mr.  A.  L.  Steavenson  suggested  that  if  the  appliance  would  give 
equal  results  in  ordinary  coal-gas  they  might  see  some  experiments  with 
it  now. 

Mr.  Palmer  said  this  was  not  practicable,  owing  to  the  absence  of  a 
test-chamber. 

Mr.  M.  Walton  Brown  emphasized  the  remarks  he  made  when  the 
lamp  was  shown  at  Derby,t  and  said  that  he  would  like  information  on 

*  I'rans,  Fed.  Itint.,  vol.  iv.,  page  441.        f  I^^d-,  page  456. 
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the  following  points  : — (a)  Was  there  any  danger,  when  filling  the  hand 
cylinder  with  hydrogen  from  the  large  cylinder,  of  an  explosive  mixture 
being  formed  ?  If  the  valve  of  the  hand  cylinder  was  left  open  it  might 
be  filled  with  air,  which  would  become  explosive  if  mixed  with  hydrogen 
from  the  large  cylinder,  after  the  pressure  had  been  reduced  by  repeated 
chargings  of  the  hand  cylinder,  (b)  The  risk  of  the  hydrogen  being 
turned  into  the  lamp  at  full  pressure,  and  burning  a  hole  in  the  gauze  or 
cracking  the  glass,  (c)  The  risk  of  the  passage  of  flame  through  the 
pipe  used  for  the  introduction  of  the  hydrogen  gas  from  the  hand 
cylinder.  Prof.  Clowes  stated  that*  "  It  should  be  noted  that  the 
hydrogen-flame  can  be  set  to  its  standard  height  in  the  presence  of  the 
gas  in  measuring  the  flame-caps,  and  that  the  test  can  therefore  be  at 
once  made  in  the  air  to  be  examined  without  previously  placing  the  lamp 
in  gas-free  air."  He  thought  that  if,  say,  1  per  cent,  of  gas  was  mixed 
with  the  air,  the  bulk  of  the  hydrogen-flame  would  be  enlarged  accord- 
ingly, and  it  seemed  to  him  impossible  to  adjust  the  hydrogen-flame  to  its 
standard  height  in  such  a  mixture  of  gas  and  air.  He  thought  the  use  of 
the  lamp  might  be  greatly  simplified,  if  the  gas  could  be  produced  chemi- 
cally by  an  attachment  to  the  lamp.  He  had  used  the  hydrogen  produced 
iu  a  Dobereiner  lamp  as  a  test-flame  for  fire-damp,  and  suggested  that 
Prof.  Clowes  might  with  advantage  adopt  a  similar  system. 

Mr.  Palmer,  referring  to  the  question  of  air  being  left  in  the  cylinder, 
said  that  no  harm  would  result,  and  two  or  three  chargings  would  enth-ely 
remove  it.  He  thought  the  lamp  would  be  safe  if  the  hydrogen  were 
suddenly  turned  on  at  full  pressure ;  the  flame  would  simply  shoot  to  the 
top  of  the  lamp,  but  he  did  not  think  it  would  burn  a  hole  through  the 
gauze  before  being  reduced. 

Prof.  Merivale  observed  that  this  point  could  be  easily  settled  by 
experiments. 

Mr.  Palmer,  continuing,  said  the  hydrogen-flame  was  always  of  the 
same  height,  and  there  was  a  clear  line  of  demarcation  between  the 
hydrogen-flame  and  the  gas-cap,  which  were  perfectly  distinct. 

Correspondence. 

Dr.  P.  P.  Bedsox  wrote  regretting  his  absence  during  the  di&cnssion 
on  the  hydrogen-flame  lamp,  for  he  would  have  wished  to  express, his 
admiration  of  the  ingenuity  displayed  in  the  construction  of  the  lamp. 
At  the  same  time,  he  (Dr.  Betlson)  must  confess  to  a  feeluig  of  disappoint- 

*  Trans.  Fed.  Inst.,  vol.  iv..  page  45]. 
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ment  at  the  indications  yielded  in  low  percentage  mixtures  of  fire-damp 
and  air ;  in  fact,  in  those  ranges  where  an  indication  is  most  needed.  The 
difference  in  the  length  of  flame  in  ^  per  cent,  mixture  and  ^  per  cent, 
mixture  is  practically  useless  as  a  means  of  gauging  the  amount  of  gas 
present,  and  does  not  compare  at  aU  favourably  with  the  results  of 
experiments  with  the  Pieler  lamp,  made  by  the  Austrian  Fire-damp 
Commission,  or  of  those  conducted  by  Dr.  Brookmann  for  the  Prussian 
Fire-damp  Commission.  Dr.  Brookmann  states  the  difference  in  height 
of  flame  to  be  2  centimetres  (0'79  inch),  which  is  about  twenty  times  the 
difference  in  height  of  the  hydrogen-flame.  The  Austrian  Commission 
found  a  similar  difference  in  the  height  of  the  flame,  when  experimenting 
with  mixtures  of  Rossitzer  gas,  Segen  Gottis  mine,  corresponding  to  J 
and  I  per  cent,  of  marsh  gas  ;  whilst  with  other  natural  gases — the  same 
difference  in  amount  of  marsh  gas — the  flames  differed  in  height  by 
1  centimetre  (0'39  inch),  which  is  still  ten  times  greater  than  the  differ- 
ence observed  with  the  hydrogen-flame.  These  facts  show  the  hydrogen- 
lamp  cannot  for  such  low  percentages  compare  for  deUcacy  with  the  Pieler 
lamp  as  an  indicator  of  fire-damp.  He  (Dr.  Bedson)  would  like  to  have 
asked  Prof.  Clowes  how,  when  the  lamp  has  once  given  an  indication  of 
gas,  it  is  possible  to  set  it  without  again  bringing  the  lamp  into  an 
atmosphere  free  from  gas.  He  (Dr.  Bedson)  understood  that  one  of  the 
disadvantages  under  which  the  Pieler  lamp  labours  arises  from  the 
volatility  of  the  alcohol ;  l)ut  the  construction  of  the  hydrogen-lamp 
requires  the  presence  of  a  volatile  oil,  which  is  a  factor  of  danger,  just  as 
alcohol  is  with  the  Pieler  lamp.  It  would  appear  desirable  that  experi- 
ments with  all  such  lamps  should  be  made  not  only  with  marsh  gas, 
prepared  in  the  laboratory,  but  with  gas  collected  in  the  mine,  for,  as 
shown  in  the  experiments  of  the  Austrian  Commission,  considerable 
differences  may  be  observed,  and  it  would  be  useful  to  know  how  these 
fire-damp  indicators  behave  in  different  samples  of  fire-damp. 

Dr.  Clowes  wrote  that  he  fully  endorsed  the  replies  given  by  Mr. 
Palmer.  In  practice  the  small  cylinder  was  found  to  be  freed  sufficiently 
from  air  by  charging  it  once  with  hydrogen,  and  allowing  this  to  blow 
off.  Those  who  had  used  the  lamp  for  some-  time  underground,  made  no 
complaint  of  any  difliculty  in  regulating  the  supply  of  hydrogen  so  as  to 
avoid  the  production  of  an  unduly  large  flame.  The  passage  of  flame 
outwards  from  the  interior  of  the  lamp  through  the  hydrogen  tube  had 
been  proved  by  many  experiments  to  be  impossible.  Great  importance 
is  attached  to  the  fact  that  in  measuring  the  cap-heights,  the  hydrogen 
flame  was  always  set  to  its  standard  height  in  air  containing  the  known 
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percentage  of  gas.  It  is  therefore  unnecessary  to  remove  the  lamp  to 
air  free  from  gas  in  order  to  adjust  the  standard  hydrogen-flame. 
Unfortunately  the  chemical  generation  of  hydi'ogen  gas  from  materials 
within  the  lamp  had  been  long  ago  proved  to  be  an  impossibility.  The 
flame  of  the  gas  chemically  produced  could  not  be  regulated,  and  the 
metallic  parts  of  the  lamp  were  constantly  corroded  by  the  chemicals  used. 
An  experimental  lamp,  with  which  the  attempt  was  made,  never  left  the 
chemical  laboratory.  On  the  other  hand,  the  present  lamp,  in  which  the 
hydrogen  was  prepared,  and  then  applied  in  a  compressed  state,  had, 
after  lengthy  trial  worked  very  satisfactorily.  He  (Dr.  Clowes)  regretted 
that  Dr.  Bedson  had  not  had  an  opportunity  of  seeing  the  hydrogen-oil 
lamp  exposed  to  low  percentages  of  gas  in  the  test-chamber  and  in  the 
pit.  If  this  opportunity  had  been  afforded  (and  Dr.  Clowes  was  now 
prepared  to  offer  it  in  any  convenient  way  or  time),  no  doubt  would  have 
been  expressed  as  to  the  indications  furnished  l)y  the  lamp  in  I  and  even 
in  ^  per  cent,  of  gas.  It  would  be  seen  that  the  cap-heights  for  these 
low  percentages  of  gas  (i  and  5)  were  practically  equal,  but  that  the 
caps  were  distinguishable  even  by  a  novice  without  the  slightest  hesita- 
tion. The  I  per  cent,  cap  is  hazy,  pale,  and  indefinite  in  outline,  but 
perfectly  visible,  and  the  |  per  cent,  cap  is  much  less  pale,  and  is  com- 
paratively well-defined.  The  caps  are  not  distinguishable  by  difference 
in  height,  but  a  glance  serves  to  distinguish  them  by  their  appearance. 
As  regards  the  distinction  of  the  different  percentages,  from  ^  to  6, 
no  difficulty  has  presented  itself  either  in  the  laboratory  tests  in  the  test- 
chamber  or  underground,  in  the  hands  of  officials.  It  is  true  that  the 
caps  are  all  smaller  than  those  shown  by  the  Pieler  lamp,  but  they  are 
quite  large  enough  to  give  easily  appreciable  differences  to  the  unaided 
eye,  and  when  viewed  against  the  special  gauge  in  this  lamp  they  can  be 
noted  with  certainty  by  any  one.  The  Pieler  caps  are  unnecessarily 
large,  and  are  very  seriously  hindred  from  being  properly  seen  by  the  fact 
that  they  are  viewed  through  metalHc  gauze,  and  with  a  most  unsuitable 
gauze  background  ;  whereas  in  the  hydrogen-oil  lamp  the  caps  are  viewed 
through  transparent  glass  against  a  dead-black  and  most  suitable  back- 
ground. The  standard  hydrogen  lamp  could  be  set  to  its  standard  height 
with  absolute  certainty  in  any  part  of  the  pit,  and  did  not  require  to  be 
taken  into  fresh  afr  for  adjustment.  This  had  been  secm-ed  by  always 
setting  the  flame  to  its  standard  height  in  the  presence  of  the  gas  in  the 
test-chambers,  and  then  reading  the  cap-height  which  was  registered  on 
the  gauge  and  the  scale-card  for  use  in  the  pit.  For  low  percentages  of 
gas  this  was,  however,  unimportant,  since  the  hydrogen-flame,  when  set 
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in  air  free  from  gas,  did  not  appreciably  increase  in  size  until  more  than 
3  per  cent,  of  gas  was  present  in  the  air.  For  detecting  percentages  of 
gas  above  3,  the  use  of  the  reduced  oil-flame  (also  set  in  the  presence  of 
the  gas)  was  recommended.  Dr.  Bedson  was  in  error  in  stating  that  a 
volatile  oil  was  used  in  the  hydrogen-oil  lamp.  The  oil  burnt  was 
a  mixture  of  colza  with  water-white  paraffin  ;  the  latter  was  not  volatile, 
and  was  considered  to  be  a  perfectly  safe  oil  in  any  form  of  lamp.  The 
paraffin  was  introduced  to  prevent  charring  and  crusting  of  the  wick,  and 
thus  to  improve  the  burning  and  the  ease  of  reduction  of  the  flame  by 
drawing  down  the  wick,  it  also  improved  the  light  of  the  flame.  As 
regards  the  testing  of  the  lamp  in  mine-gas  as  well  as  in  artificially 
prepared  marsh-gas,  it  should  be  remembered  that  in  the  preparation  of 
a  scale  for  the  lamp,  known  percentages  of  marsh-gas  must  be  employed, 
and  this  is  most  readily  and  certainly  secured  by  mixing  methane  with 
air  in  known  proportions.  Carbonic  acid  is  the  only  gas  likely  to  affect 
the  cap,  and  special  experiments  in  the  test-chamber  have  shown  that 
even  5  per  cent,  of  carbonic  acid  does  not  affect  the  cap.  The  precau- 
tion, however,  has  been  taken  of  making  tests  side  by  side  in  the  main 
return  airway  with  the  hydrogen-oil  lamp,  the  Pieler  lamp,  and  the 
Liveing  indicator,  with  the  result  that,  in  percentages  of  gas  ranging 
from  I  to  2,  the  indications  of  the  three  instruments  were  absolutely 
identical.  Dr.  Clowes  wished  further  to  state  that  in  comparative  tests 
in  low  percentages  of  gas  made  with  the  hydrogen  lamp  and  with  the 
Pieler  lamp,  the  caps  were  easily  read  in  the  hydrogen  lamp,  but  they 
were  not  readable  in  the  Pieler  lamp  fm-nished  by  an  English  firm. 
This  defect  was  partly  due  to  the  luminosity  of  the  large  alcohol  fiame, 
but  largely  to  the  interference  caused  by  the  metallic  gauze.  The  brass 
gauze  partly  acted  by  impeding  the  passage  of  the  light  of  the  faint  caps, 
but  mainly  by  its  reflecting  power.  Some  improvement  was  noticed 
when  the  gauze  was  blackened.  But  only  on  the  removal  of  the  bonnet 
and  gauze  were  the  tall  caps  satisfactorily  seen  in  their  full  dunensions. 


The  Pkesident  proposed  a  vote  of  thanks  to  Mr.  Palmer  for  attend- 
ing to   explain   the   use   of   the   testing -lamp.      He   hoped   something 


296  DISCUSSIOX — HTDROGEX-OIL    SAFETY-LAMP. 

practicable  would  before  long  result  from  the  various  instruments  whicli 
were  brought  forward  from  time  to  time,  and  this  lamp  certainly  seemed 
to  tend  towards  the  object  they  wished. 

The  vote  of  thanks  was  unanimously  adopted. 


The  following  paper  was  taken  as  read  : — "  The  Choice  of  Coarse  and 
Fine-crushing  l\rachincry  and  Processes  of  Ore  Treatment,"  by  Mr.  A. 
Ct.  Charleton. 
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THE  CHOICE  OF  COARSE  AND   FINE-CRUSHING  MACHIN- 
ERY AND  PROCESSES  OF  ORE  TREATMENT.* 


By  a.  G.  CHARLETON. 


Part  III. — Silver. 

Wet  and  Dry  Pan-amalgamation  and  Lixiviation. 

Pan-amalgamation,  as  applied  to  silver  ores,  is  always  preceded  by 
stamping  the  ore  in  a  battery.  If  conducted  wet,  the  pulp  is  collected 
in  tanks,  from  which  it  is  shovelled  into  the  pans  (an  arrangement  which 
might,  the  writer  thinks,  be  improved  upon),  or  else,  if  arranged  on  the 
Boss  system  (much  in  fashion  lately  owing  to  the  saving  in  labour  and 
other  advantages  claimed  for  it)  the  pulp  is  run  straight  through  a  series 
of  pans  without  any  intermediate  settling.  If  conducted  dry,  the  ore  is 
taken  direct  from  the  cooling-floor  of  the  roasting  furnace  (which  forms 
an  essential  part  of  the  plant),  and  is  charged  into  the  pans  afterwards. 

Pan-amalgamation  is  most  extensively  used  in  the  "Western  States  of 
America  for  the  extraction  of  silver  from  its  ores,  and  with  such  excep- 
tions as  have  been  or  will  be  alluded  to,  is,  the  writer  thinks,  likely  to 
retain  its  position  for  some  time  to  come. 

It  broadly  divides  itself,  as  will  be  presently  seen,  into : — 

1.  The  "Washoe  process,  in  which  the  ores  go  direct  from  the  tanks 
to  the  pans  wet,  the  amalgamation  being  generally  assisted  by 
the  use  of  chemicals,  chiefly  salt  and  bluestone. 
3.  The  Reese  River  process,  in  which  the  ore  must  be  first  dried  :  (a) 
on  a  drying -floor  heated  by  waste-steam  or  furnace  gas  ;  or  (5) 
in  revolving  drying-cylinders  or  shelf -kilns,  which  are  steadily 
coming  more  into  fashion.  Roasting  (usually  with  salt,  which 
is  mixed  in  the  battery,  or  between  it  and  the  furnace)  follows 
drying,  and  the  ore  is  ground  in  pans  in  the  same  way  as  in 
the  wet  process. 
3.  The  continuous  Boss  process. 

*  Trans.  Fed.  Inst.,  vol.  iv.,  pages  233  and  351. 
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The  Washoe  Process. 

In  an  ordinary  wet-crushing  silver  mill,  the  ore  is  brought  in  cars  to 
the  top  of  the  mill-building,  where  it  is  dumped  over  the  top  of  the  inclined 
grizzley  or  screen  on  to  the  crusher-floor.  All  the  small  pieces  pass  through 
the  o'rizzlev  into  the  ore-bins  below.  The  coarse  rock  is  shovelled  into 
the  jaws  of  the  rock-breaker,  which  are  on  a  level  with  the  crusher-floor. 
The  ore  crushed  to  walnut  size  in  passing  through  the  rock-breakers  falls 
into  the  ore-bins,  and  thence  goes  to  the  automatic  feeders  (behind  the 
stamps),  passing  through  inclined  shoots  controlled  by  gates.  The  auto- 
matic feeders  being  kept  full,  ensure  a  uniform  supply  of  stone  being  fed 
to  the  stamps  as  fast  as  needed. 

The  finely  stamped  ore,  known  technically  as  pulp,  suspended  in  water, 
flows  into  large  settling-tanks,  where  the  excess  of  water  is  drawn  off, 
while  the  thick  pulp  remaining  is  shovelled  in  regular  charges  into  a  row 
of  amalgamating-pans,  in  which  it  is  ground  for  several  hours,  first  witli 
salt,  bluestone,  and  other  chemicals,  and  afterwards  amalgamated  with 
mercury,  with  the  mullers  raised.  The  contents  of  the  pans  are  run  into 
large  settlers  (when  the  previous  operation  is  finished)  placed  below,  and 
in  front  of  the  pans,  in  which  the  pulp  is  thinned  by  additions  of  water 
and  gentle  agitation,  and  all  the  quicksilver  with  the  precious  metals  in 
the  form  of  amalgam,  settles  to  the  bottom.  The  pulp  is  gradually  drawn 
off  from  the  settlers  (through  holes  fitted  with  plugs  at  different  levels  in 
the  side)  and  flows  to  waste.  The  amalgam  is  strained  from  the  excess 
of  quicksilver,  retorted  to  drive  off  what  remains,  and  the  resulting  gold 
and  silver  cake  is  melted  into  bars.  The  gold  and  silver  contained  in 
the  sulphides,  which  will  not  yield  to  the  above  treatment,  is  sometimes 
caught  by  concentrators  (Frue  or  Embrey)  which  receive  the  waste  pulp- 
tailings  from  the  settlers.  A  clean-up  pan  generally  forms  part  of  the 
plant. 

The  old  method  usually  employed  in  silver-milling  was  to  crush  coarse 
in  the  battery  and  grind  fine  in  the  pan,  but  as  this  involves  greater 
power,  greater  wear  of  castings,  greater  loss  of  mercury,  and  not  always 
better  results,  the  system  of  crushing  fine  in  the  battery  (keeping  the 
shoes  barely  off  the  dies)  has  lately  come  into  practice.  By  this  means 
more  gold  and  silver  will  sometimes  be  extracted,  since  ore  will  natm-ally 
break  where  there  is  most  mineral,  and  the  fine  comminution  in  the  battery 
will  generally  disengage  most  of  it,  the  consequence  being,  that  as  quick- 
silver has  a  preference  for  gold  and  silver,  it  will  amalgamate  with  them, 
rather  than  take  up  base  metals  (which  render  it  inactive),  which  it  is 
forced  to  do  by  excessive  grinding. 
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The  modern  araalgamating-pan  is  a  growth  from  the  old  arrastra,  and 
though  its  construction  is  quite  simple  it  presents  a  variety  of  forms.  The 
pan  holds  from  1  and  1^  to  2  tons  of  pulp,  and  generally  revolves  at  about 
GO  revolutions  per  minute;  the  gearing  underneath  is  open  and  plain, 
the  muller  is  raised  by  a  left-hand  screw  on  top,  the  hand-wheels  of  which 
should  be  large  (the  jam-wheel  being  no  smaller  than  the  screw-wheel),  as 
it  frequently  requires  a  greater  application  of  muscle  than  the  latter,  and 
when  the  machinery  is  in  fast  motion  it  is  inconvenient  to  adjust  a  small 
wheel  under  a  large  one.  The  most  important  feature  of  the  pan  is  the 
pulp-current,  which  often  receives  but  little  attention,  and  though  simple 
in  principle  is  not  always  understood,  and  its  neglect  may  cause  serious  loss. 

These  currents  must  be  uniform  and  regular  to  ensure  uniform  work, 
and  strong  enough  at  the  bottom  of  the  pan  to  carry  the  quicksilver. 
The  motion  of  the  muller  makes  a  current  by  throwing  the  pulp  to  the 
outside  as  it  advances,  which  then  rolls  up  at  the  side  and  falls  over 
towards  the  centre,  and  down  through  the  central  opening,  in  and  under 
the  muller,  to  be  thrown  outwards  again  from  the  bottom.  This  so  far 
cannot  be  improved  upon,  but  the  wings  are  needed,  to  give  the  pan 
capacity  (by  preventing  the  pulp  from  running  too  high  up  at  the  side),  to 
accomplish  which,  they  should  have  the  shape  of  an  inverted  ploughshare. 

Having  naturally  a  good  current  above  the  muller,  we  have  only  to 
work  in  unison  with  that  underneath  it,  which  will  depend  on  the  design 
of  the  muller  and  setting  of  the  dies. 

The  pans  vary  in  diameter  from  4  feet  to  5  feet  6  inches,  and 
have  generally  a  cast-iron  flat  bottom  with  wooden  sides.  They 
ordinarily  hold  1,200  to  1,300  lbs.  of  ore,  and  three  is  the  usual 
number  allowed  per  battery  of  five  stamps,  but  sometimes  two  will 
be  found  sufficient.  Each  pair  of  pans  requires  one  settler.  In  some 
districts  copper  plates  are  introduced  into  the  pan,  and  much  of  the 
amalgam  is  found  attaching  to  these,  but  the  more  usual  system  is  to 
employ  settlers  entirely  for  the  collection  of  the  quicksilver  and  amalgam, 
after  the  pans  are  discharged.  While  the  pulp  is  being  worked  in  the 
pans,  which  usually  takes  6  to  8  hours,  steam  is  introduced  to  heat  the  mass 
and  promote  the  chemical  reactions ;  sometimes  live  steam  is  introduced 
direct  from  the  boilers  into  the  charge,  but  more  commonly  the  pan  is 
furnished  with  a  false  steam-bottom,  and  heated  with  the  exhaust  from 
the  engine.  The  bottom  of  the  pan  is  protected  by  cast-iron  dies,  and 
the  muller  is  furnished  with  adjustable  shoes,  so  that  the  wearing  surfaces 
are  renewable  if  it  be  necessary  to  grind  the  ore.  The  shoes  and  dies  can 
be  brought  together  when  grinding  by  means  of  the  hand-wheel,  and 
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screws  on  top  of  the  spindle,  or  the  muUer  cau  be  raised  above  the  dies 
for  circulation  and  mixing  only. 

The  screw  on  the  settler-driver,  should,  unlike  the  pans,  be  right- 
handed,  for  besides  being  more  convenient  in  case  of  a  belt  slipping,  the 
power  applied  to  tm-n  the  screw,  helps  the  muller  to  revolve,  A  settler 
should  never  be  allowed  to  foul  by  an  accumulation  of  heavy  matter  at 
the  bottom,  it  is  a  positive  preventive  of  good  work.  It  is,  however, 
easier  to  advocate  this  than  to  do  it.  An  apparently  natural  remedy,  viz., 
a  hberal  use  of  water,  tends  rather  to  aggravate  the  difficulty  ;  there  is  a 
point  in  the  thinning  when  the  quicksilver  will  be  precipitated,  but  the 
heavy  sand  be  held  in  suspension. 

If,  after  the  charge  is  run  out  (which  should  leave  about  8  inches  of 
pulp  in  the  settler),  a  pan  is  drawn  and  no  water  is  added  for  half  an 
hour,  the  warm  charge  will  gather  and  carry  the  heavy  sand ;  now  enough 
water  only  is  added  to  reduce  it  to  the  appearance  of  still  some  thickness, 
and  this  is  all  the  water  that  is  used  in  the  charge.  A  horn  spoon  will 
show  its  success  in  advance  of  results. 

Settlers  are  generally  made  with  wooden  sides  8  feet  in  diameter 
inside  the  staves,  an  automatic  syphon-tap  being  provided  for  the  dis- 
charge of  the  quicksilver  and  amalgam.  Around  the  bottom  a  groove  is 
cut,  starting  from  nothing  on  one  side,  and  gradually  deepening  to  the 
syphon-tap  opposite,  in  which  all  the  quicksilver  is  carried  to  the  outlet. 

The  muller-plate  attached  to  the  driver-arms,  is  shod  with  wooden 
plough-shoes,  which  are  sometimes,  however,  attached  direct  to  the  arms 
themselves.  The  speed  of  the  settler  is  generally  about  1.5  revolutions  per 
minute.  Concentrators  for  a  silver-mill  must  of  necessity  be  simple  and 
capacious.  Good  agitators  (shovelled  out  often)  are  profitable.  In  some 
cases  sand  sluices  are  very  effective,  consisting  of  a  broad  sluice  20  to  24 
inches  wide,  in  which  at  intervals  of  8  or  10  feet  vertical  strips  are  fixed 
at  the  side  to  hold  movable  riffles.  The  riffles  (battens  of  wood)  are  laid 
in,  and  the  sands  run  over  them  for  a  time  (say  one  or  two  hours),  when 
another  coui-se  of  riffles  |  inch  thick  or  less  is  laid  on  the  first  ones. 

This  is  repeated  until  the  sluice  is  full,  when  it  is  shovelled  out, 
meantime  allowing  the  sands  to  run  through  a  duplicate  sluice,  at  the 
side.  Such  sluices  should  have  a  grade  of  about  Sh  inches  per  rod  to 
keep  them  under  control,  as  by  starting  with  a  thin  riffle  at  the  bottom 
a  strong  current  may  be  produced,  whereas  the  introduction  of  a  thick 
riffle  will  give  a  deadened  current. 

These  sluices  are  an  advantage  where  blankets  are  profitable,  and  if 
followed  by  blankets  relieve  the  latter  from  much  coarse,  heavy  material. 
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A  blanket  sluice  should  have  a  grade  of  about  3  inches  in  7  feet.  The 
stock  of  mercury  in  a  silver-mill  should  be  large  to  begin  with.  In  a 
dry-crushing  silver-mill  the  loss  is  usually  from  |  to  |  lb.  per  ton  of  ore. 
A  10  stamp  mill  usually  requires  from  200  to  250  lbs.  of  mercury  per 
month  to  make  up  the  loss.  The  quantity  needed  in  stock  depends  on  the 
richness  of  the  ore,  but  is  approximately  1,500  lbs.  in  the  pans,  1,500  lbs. 
in  the  settlers  and  in  circulation,  and  1,500  lbs.  locked  up  in  amalgam, 
so  that  a  total  stock  of  2  to  3  tons  would  be  necessary  for  starting  with. 

RoASTiNCr  Milling. — The  Eeese  River  Process. 

After  passing  the  rock-breaker,  the  ore  is  dried  by  passing  through  a 
continuous  revolving-drier  or  shelf  dry- kiln  beneath  the  breaker,  the  dried 
ore  being  taken  by  car  or  else  run  through  shoots  (lined  with  sheet  iron 
and  regulated  by  gates)  to  the  automatic  feeders,  if  the  fall  admits  of  it. 
The  stamps  are  fed  while  the  ore  is  still  hot,  the  pulverized  product 
being  conveyed  to  the  elevator,  by  which  it  is  carried  to  the  iron  storage- 
hopper  of  the  roasting-furnace.  In  the  furnace  the  ore,  with  the  addition 
of  common  salt,  is  desulphurized  and  chloridized,  thus  preparing  it  for  the 
pans  and  settlers.  After  roasting,  the  ore  is  spread  on  a  cooling-floor,  and 
is  taken  in  cars  as  re(|uired  to  the  pans.  Amalgamation  follows  on  the 
same  plan  as  in  wet  crushing-mills.  In  old  type  mills  it  was  formerly  the 
practice  to  employ  drying-floors  of  boiler  or  cast-iron,  from  which  the  ore 
was  shovelled  to  the  stamps,  in  place  of  the  more  modern  arrangement  of 
an  automatic  revolving-drier. 

The  Boss  Process. 

This  process  marks  a  new  epoch  in  the  milling  of  silver  ores  in  the 
United  States  and  in  Mexico,  as  it  presents  claims  to  superiority  in 
many  respects  over  the  old  system  of  pan-amalgamation.  The  large 
saving  in  labour  and  fuel,  increased  cleanliness,  reduced  wear  and  tear,  and 
other  features  that  will  be  mentioned  later  on,  combine  to  make  it  a 
favourite  with  mill-men.  It  does  away  with  the  large  pulp  settling-tanks 
and  consequent  shovelling  and  handling  of  the  pulp,  which  is  a  serious 
item  of  cost  in  ordinary  wet  treatment ;  it  saves  the  erection  of  the  tanks 
and  the  space  they  occupy ;  and  no  slum-pump  or  agitators  are  required. 

The  buildings  and  cost  of  erection  for  a  continuous  mill  are  less 
expensive  than  for  an  ordinary  one,  as  they  require  less  grading  and 
retaining- walls  and  cover  less  area.  The  ore  passes  through  the  grizzley 
and  crusher  in  the  usual  manner  and  down  the  automatic  feeders  to  the 
stamps.     The  pulp  flows  from  the  battery  through  pipes  to  the  special 
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g-rincliug-pans  (the  product  of  teu  stamps  passing  through  two  in  succes- 
sion). The  pulp  is  then  conveyed  by  pipes  to  the  first  amalgama ting-pan, 
and  flows  continuously  through  the  Knes  of  pans  and  settlers.  The  tail- 
ings are  run  off  and  led  over  concentrators.  A  special  feature  of  this 
process  is  that  the  pulp  in  the  amalgamating-pans  is  always  kept  thin, 
instead  of  being  about  the  consistency  of  thick  cream,  as  usual  in  the 
ordinary  pan  process.  The  quicksilver  is  charged  to  the  pans  by  means 
of  pipes  from  the  distributing-tank,  and  the  amalgam  flows  direct  to  the 
strainer.  The  chemicals  are  supplied  to  the  pans  by  two  chemical-feeders. 
Steam  syphons  are  provided  for  cleaning  out  the  pans,  and  for  conveying 
the  pulp  past  any  pan  when  it  is  necessary  to  cut  it  out  of  the  series  for 
repairs.  The  main-line  shafting  runs  directly  under  the  pans  and  settlers, 
each  of  which  is  driven  from  it  by  a  friction-clutch.  This  arrangement 
of  separate  clutches  for  each  pan  and  settler  is  very  convenient,  as  any 
number  or  any  one  pan  and  settler  can  be  stopped  in  case  of  accident  for 
cleaning  out,  without  having  to  stop  the  whole  line. 

All  the  water  from  the  batteries  must  pass  through  the  pans,  so  that 
all  the  slimes  are  treated  ;  there  is  less  loss  of  mercury  and  a  true  sample  of 
the  tailings  can  be  obtained,  a  matter  of  much  greater  difficulty  with  the 
old  method.  Heating  by  exhaust  steam  is  stated  to  be  one  of  its 
economical  features,  obviating  any  strain  upon  the  pan,  which  is  heated 
indirectly  through  the  hollow  steam-bottom.  Where  changes  were  made 
from  live  to  exhaust  steam  in  some  mills  it  is  said  to  have  saved  as  much 
as  £2  10s.  Od.  to  £3  2s.  6d.  }3er  day  for  cord  wood.*  By  using  special 
grinding-pans,  the  ore  can  be  crushed  through  a  coarser  screen  in  the 
battery,  and  the  finer  grinding  can  be  afterwards  accomplished  in  the 
pans,  thus  obtaining  increased  capacity. 

Though  it  does  not  pretend  to  cope  with  rebellious  ores  which  are 
unsuited  to  such  treatment,  the  Boss  process  is  without  doubt  a  great 
improvement  over  ordinary  pan-amalgamation  in  tanks.  If  the  latter 
process  be  employed,  the  tanks  are  fiUed  in  succession  ;  the  pulp  being 
conveyed  to  them  through  a  launder,  by  means  of  which  the  supply  is  cut 
off  as  each  vat  becomes  full.  Arrangements  should  be  made  to  settle  as 
much  of  the  mineral  as  possible  by  allowing  the  water  to  circulate  through 
the  empty  tanks  before  passing  to  the  slum-pit  outside,  the  escape  or 
tailings  water  being  turned  into  each  tank  after  emptying  it  of  sand. 
Each  tank  in  turn  thus  receives  the  water  after  passing  through  the  other 
tanks,  and  becomes  the  final  one  of  the  series.  In  some  mills  a  certain 
number  of  tanks  are  kept  employed  in  settling  the  sands,  while  the 

*  Messrs.  Fraser-Chalmers,  Catalogue.  No.  4,  page  82. 
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remainder  are  used  up  for  the  slimes;  in  others  the  capacity  of  tbe  vats 
is  large  enough  to  settle  the  sands  and  slimes  together.  Before  charging 
the  pulp  into  the  pans  it  is  usually  shovelled  into  heaps  on  the  platform 
in  front  of  the  pans,  which  is  slightly  inclined  towards  the  tanks  to  drain 
the  Avater  back  into  them.  In  the  pan-treatment  a  proper  consistency  of 
the  pulp,  a  proper  degree  of  heat,  and  clean  quicksilver,  are  matters  of  the 
chiefest  importance. 

While  charging  the  pan  the  muller  for  grinding  is  kept  revolving  and 
lowered,  water  having  been  previously  run  in  so  as  to  fill  the  pan  to 
within  12  to  18  inches  of  the  edge,  and  heated  with  steam.  Some  mill-men 
favour  direct  heating  with  live  steam,  others  by  means  of  a  jacket  or  false 
bottom.  The  charge  must  be  heated  nearly  to  boiling-point  by  turning 
on  steam  again  during  the  grinding.  At  the  commencement  of  the 
grinding  the  pulp  is  thin,  but  after  a  couple  of  hours  it  will  acquire  the 
proper  consistency  for  receiving  the  quicksilver,  which  becomes  diffused 
(by  the  heat  and  grinding)  in  small  globules  through  the  mass.  The  pulp 
should  be  thick  enough  to  cling  to  a  wooden  paddle  dipped  in  to  test  it, 
showing  particles  of  mercury  evenly  disseminated  through  it,  so  that  the 
charge  will  carry  the  quicksilver  in  suspension.  The  salt  (say  about 
10  lbs.)  is  added  as  soon  as  the  pan  is  charged,  and  2  lbs.  of  sulphate  of 
copper  (or  whatever  proportion  is  used),  half  an  hour  later.  After  the 
pulp  is  heated  to  about  180  degs.  Fahr.  steam  is  cut  off,  and  the  muller 
should  be  lowered  gradually  during  the  progress  of  grinding.  When 
finished  (after  about  2  hours),  some  200  lbs.  of  mercury  are  added  to  a 
1,200  lbs.  charge  of  pulp.  The  grinding  is  then  sometimes  continued  for 
another  half -hour  or  au  hour,  when  the  muller  is  raised  and  the  pan  run 
with  the  muller  up,  for  8  hours  more.  There  is,  however,  less  chance  of 
flowering  if  the  bulk  of  the  mercury  is  not  added  until  the  grinding  is 
entirely  finished.  A  quarter  of  an  hour  before  drawing  the  charge,  suffi- 
cient water  is  added  to  fill  up  the  pan,  thinning  the  pulp  thoroughly,  so 
that  it  will  flow  readily  out  of  the  pan,  and  cooling  it. 

The  work  should  be  so  arranged  as  to  charge  and  discharge  a  pan 
every  6  hours,  which  gives  it  a  capacity  of  about  2^  tons.  The  pans  should 
be  discharged  in  succession,  not  all  simultaneously  ;  that  is  to  say,  as  soon 
as  one  or  two  pans  have  been  discharged  and  refilled,  after  a  certain 
interval  (depending  on  the  number  of  pans  in  the  mill)  the  next  pan  or  two 
should  have  completed  their  6  hours'  work,  and  be  ready  to  undergo  the 
same  process. 

When  discharged,  a  stream  of  water  should  be  directed  into  the  pans, 
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to  rinse  them  out  thoroughly.  Eveiythiug  thus  flows  to  the  settlers,  and 
through  the  partial  dilution  of  the  pulp,  the  quicksilver  settles  to  the 
bottom,  and  is  collected  in  the  syphon.  During  the  discharge  of  the  pans 
the  settler  arms  are  kept  revolving,  and  after  a  short  interval  a  spray  of 
water  is  turned  on,  and  allowed  to  run  till  the  settler  is  full.  It  is  then 
turned  off  and  the  mailer  is  allowed  to  revolve  for  an  hour.  This  allows 
the  quicksilver  to  collect  and  settle.  An  abundant  stream  of  cold  water 
is  then  let  in  and  the  settler  is  allowed  to  discharge  through  the  diflferent 
plug-holes,  commencing  with  the  top  one,  the  operation  being  timed  so 
that  the  bottom  hole  is  reached  just  in  time  to  receive  the  next  charge. 
Once  a  week  or  ofteuer  the  settlers  should  be  cleaned  out,  and  the  coarse 
sand  and  suljjhides  accumulating  in  the  bottom  are  re-worked  in  the 
pans.  Generally  two  settlers  discharge  into  one  agitator,  and  a  constant 
stream  of  water  should  run  into  them.  They  collect  some  coarse  sand 
containing  a  Httle  quicksilver,  amalgam,  sulphides,  and  a  quantity  of  iron 
which  is  worked-up  in  the  clean-up  pan.  The  floors  should  be  kept  as 
clean  and  free  from  dirt  as  possible.  All  drains  should  lead  into  the 
agitators,  and  unless  the  weather  is  too  cold  the  quicksilver  floor  should 
be  sluiced  down  with  a  hose  daily. 

Retorting  Amalgam. 

The  retorts  for  retorting  silver  bulHon  are  generally  cylindrical  or 
square  with  the  corners  rounded  off,  and  containing  shelves  for  several  iron 
dishes.  They  should  be  heated  to  a  bright  cherry-red  heit  before  com- 
mencing the  retorting,  otherwise  it  is  difficult  to  drive  off  the  last  traces 
of  quicksilver.  A  serious  loss  is  entailed  by  a  retort  bursting,  not  an 
uncommon  occurrence  even  with  the  greatest  care.  They  must  therefore 
not  be  fired  too  strongly,  and  must  be  strongly  made  and  well  braced. 
The  mercury  fumes  are  condensed  by  condensers  acting  on  the  Liebig 
principle,  the  quicksilver  being  caught  in  a  bucket  of  water,  into  which 
the  end  of  the  pipe  from  the  retort  dips  ;  care  being  taken  that  the  water 
is  not  aljle  to  run  up  into  the  retort  as  it  cools  by  the  end  of  the  pijje  being 
too  deep  under  water.  After  the  retorting  is  finished  it  is  advisable  to 
leave  the  retorts  to  stand  for  several  hours  before  withdrawing  the  bulUon. 

For  cleaning  quicksilver  from  impurities,  which  become  mechanically 
mixed  with  it,  the  quicksilver  strainer  invented  by  Mr.  H.  H.  Oakes  is 
recommended  by  Mr.  Eissler  and  is  described  by  him  in  detail.* 

*  Metallurgy  of  Silver,  page  159. 


PROCESSES  OF  ORE  TREATMENT. 


305 


General  Remarks,  Ores,  etc. 

The  ores  of  silver  which  can  be  successfully  treated  by  the  Washoe 
process  are  those  in  which  the  metal  occurs  in  a  condition  which  will  be 
acted  on  by  quicksilver,  assisted  by  heat,  agitation,  and  certain  chemicals 
(chiefly  salt  and  sulphate  of  copper),  which  produce  a  certain  quantity  of 
sub-chloride  of  copper,  through  the  secondary  action  of  the  metallic  iron 
present.  The  chloride  and  sub-chloride  of  copper  (both  of  which  are 
liable  to  be  formed),  tend  to  reduce  any  sulphides  of  silver  present,  by 
exercising  a  chloridizing  influence  upon  them,  and  at  the  same  time 
decompose  the  sulphides  of  lead  and  zinc.  The  sulphate  of  copper, 
moreover,  enhances  the  amalgamating  energy  of  the  mercury  by  tending 
to  expel  the  lead,  and  by  causing  the  formation  of  a  small  quantity  of 
copper  amalgam, 

A  list  of  the  chief  ores  and  minerals  containing  silver  would  comprise 
the  following  : — 


Name. 
Naumannite 

Composition.                               Per  Cent,  of  Silver 
when  Pure. 

Ag,Se 73-2 

Eukairite           

Cu^Se  +  Ag^Se           

43-1 

Hessite 

Agje 

62-8 

Petzite     

Sylvanite            

Argentite  (silver-glance) 

Stromeyerite      

Sternbergite 

(AuAg),Te 

(AuAg)Te3 

Ag,S      

Ag^S  +  Cu^S 

AgFe,S,             

41-8 
10  to  15 
87-1 
531 
34-2 

Miargyi-ite 

Pyrargyrite 

Proustite            

Ag,S  +  Sb,S3 

3Ag2S  +  Sb.Sj 

3Ag2S  +  As.,S3            

36-7 
59-8 
65-4 

Stephanite 

oAg^S  +  SbjSj            

68-5 

Brogniardite      

PbS  +  Ag,S  +  SbjSj            

26-1 

Polybasite 

Tetrahedrite  (Fahlerz)... 
Xanthoconite    ... 
Fire  blende        

9(Ag,Cu)S  +   (Sb  As),S3 

(CuAg),S  +  (SbAsBi),S3  +  (Fe  ZnHg)S 
(SAgjS,  AS2S5)  +  2  (3Ag,S,  A.s.Sj)  ... 
AgSbS  

68-0 

variable. 

6400 

62-3 

Freieslebenite 

Pb2Ag3Sb3S8         

23-8 

Cerargyrite  (horn-silver) 

AgCl      

75-33 

Bromyrite           

Embolite            

AgBr 

Ag(ClBr)       

57-40 
61  to  71 

lodyrite  ... 

Agl       

46 

Native  silver 

100-00 

Arquerite  (native  amal- 

gam)     

Electrum  (native  alloy  of 
gold  and  silver) 

AgHg 

34-8 
27  to  32-7 
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Minerals,  etc.,  often  containing  silver  in  small  qnantity  : — 

Galena PbS 

Blende ZnS 

Pyrite FeS^ 

Chalcopyrite     CuFeS^ 

Erubescite         CugFeSg 

Mispickel  FeS,  +  FeAs„ 

Altaite Pbfe 

Claust  halite      PbSe 

Nagyagite         (Pb  AuAg)  (Te,  S)^ 

Chivialite  (CujPb)  S  +  iB^Sj 

Dufrenojsite     PbS  +  A-s^Sg 

Enargite  SCujS  +  A&.Sg 

Cupel  bottoms,  dross  litharge  sweepings,  etc. 
Slags,  etc. 

The  presence  of  sulphides  of  iron,  copper,  lead,  zinc,  and  antimony, 
interferes  with  the  success  of  the  amalgamation  process  in  several  ways. 
They  foul  the  amalgam  and  check  the  reactions  of  the  chemicals  on  the 
free-milling  minerals,  and  carry  off  in  theii*  refractory  combinations  a 
portion  of  the  silver  which  the  latter  contain.  It  often  happens  that  while 
the  upper  decomposed  surface-ores  of  a  vein  are  free-milling,  as  depth  is 
attained  (beyond  the  decomposing  action  of  the  air  and  surface  waters) 
they  change  in  character,  thi'ough  sulphides  and  base  metals  making 
their  appearance  in  the  ore. 

Occasional  natural  dejwsits  of  chloride  of  silver  and  some  rare 
instances  of  native  silver,  unaccompanied  by  sulphides,  form,  with 
certain  decomposed  ores,  the  chief  types  adajited  to  free-milling;  though 
the  process  being  cheaper  than  roasting-milling,  ores  are  sometimes 
worked  by  it,  which  should  pro|ierly  be  roasted,  but  the  percentage  saved 
in  such  cases  is  correspondingly  low.  Ores  carrying  quite  a  large  per- 
centage of  base  minerals  may  be  worked  by  roasting-milling,  but  in  many 
cases  it  is  more  profitable  (when  the  conditions  admit  of  it)  to  treat  such 
ores  by  concentration  and  smelting.  The  presence  of  certain  minerals  in 
combinatiou  may  render  the  chloridizing  roasting  of  an  ore  extremely 
difficult.  The  Silver  King  mine  in  Arizona  may  be  cited  as  an  instance 
of  this,  as  mentioned  by  Mr.  Aaron.* 

The  ore  in  question  consisted  largely  at  one  time  of  f  ahlerz,  chlorides, 
bromides,  and  oxides,  in  a  gangue  of  quartz  and  heavy  spar,  and  being  of 
high  grade  it  proved  well  adapted  to  treatment  by  the  Kiss  lixiviation 
process,  for  which  it  had  to  undergo  a  preliminary  chloridizing  roasting. 

It  was  foimd  that  this  ore  sustained  a  serious  loss  of  silver  by  volati- 

*  Eeport  of  the  Director  of  the  United  States  Mint. 
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lization  during  roasting  ;  an  extra  draught  produced  by  opening  both  ends 
of  the  fireplace  somewhat  mitigated  the  difficulty,  but  it  was  only  finally 
overcome  by  introducing  steam  into  the  furnace  (as  originally  suggested 
by  Dr.  Percy)  which  successfully  met  the  difficulty  ;  the  volatile  metal 
chlorides  (to  which  the  volatilization  of  the  silver  is  mainly  owing)  being 
decomposed  and  converted  into  oxides,  with  the  instantaneous  production 
of  hydrochloric  acid.  Unfortunately,  however,  as  depth  was  reached  in 
the  mine  the  character  of  the  ore  changed.  The  proportion  of  chloride 
and  tetrahedrite  fell  off,  and  zinc  blende  and  galena  became  more  abundant, 
and  this  led  to  far  more  serious  difficulties. 

The  roasting  became  slow  and  tedious ;  while  previously  a  charge  of  5 
tons  could  be  well  roasted  in  14  to  16  hours,  converting  about  95  per  cent. 
of  the  contained  silver  into  chloride.  The  percentage  of  soluble  silver  in 
the  roasted  ore  decreased  also  somewhat,  causing  richer  tailings,  and  as 
the  grade  of  the  ore  likewise  fell  off,  a  serious  diminution  in  the  output 
of  bullion  ensued.  The  ore,  moreover,  developed  a  tendency  to  ball 
and  form  crusts  on  the  furnace  walls.  The  balls  were  peculiar,  being 
perfectly  spherical  and  of  all  sizes  from  a  pin's  head  to  a  marble,  extremely 
hard,  and  consisting  of  concentric  layers.  The  ore  being  crushed  wet  and 
received  into  settling-pits,  no  doubt  operated  disadvantageously  in  this 
instance. 

When  the  ore  was  by  no  means  at  its  worst,  analysis  showed  it  to 
contain  12  per  cent,  of  zinc — equivalent  to  about  18  per  cent,  of  blende, 
6  per  cent,  of  lead  as  galena,  a  good  deal  of  antimony,  a  little  arsenic,  a 
very  little  iron  and  copper,  and  trifling  quantities  of  cadmium,  selenium, 
tellurium,  and  bismuth.  The  conjunction  of  antimonial  and  plumbiferous 
minerals  with  zinc  blende  tends  in  fact  to  make  roasting  difficult.  The 
character  of  the  gangue  also  exercises  a  great  influence  on  the  roasting. 
The  presence  of  quartz  is  advantageous,  spar  or  gypsum  is  not  troublesome, 
but  earthy  carbonates  are  detrimental,  and  magnesia  bad. 

At  one  time  the  ore  contained  less  (piartz  and  spar  than  formerly,  and 
more  of  the  so-called  porphyry  of  the  district,  which  contains  magnesia 
in  abundance. 

In  the  case  of  ore  which  balls  in  the  furnace  when  roasted  with  salt, 
the  usual  practice  is  to  roast  without  salt,  to  a  certain  stage  when  the  salt 
is  added  and  the  heat  increased;  but  the  presence  of  metallic  silver  and  the 
absence  of  a  fair  proportion  of  iron  rendered  this  method  inapplicable. 

The  next  idea  tried,  that  of  roasting  to  complete  oxidation  without  salt, 
and  then  chloridizing  by  an  addition  of  calcined  copperas  and  salt,  has  been 
used  with  a  slight  modification  on  some  of  the  worst  ores  with  good  results. 
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Another  successful  plan  was  to  mix  a  certain  proportion  of  sand,  about 
7  per  cent.,  with  the  charge.  The  sand  used  contained  a  little  silver,  being 
the  coarser  portion  of  a  pile  of  rather  rich  tailings  from  previous  concen- 
tration. The  addition  of  one-third  of  clean  quartzose  silver-ore  was  found 
to  act  favourably,  95  per  cent,  of  the  chloride  being  got  out  in  24  hours 
with  3  ton  charges. 

Mr.  Stetefeldt  has  lately  introduced  the  plan  of  drying  and  roasting 
ore  with  gas,  at  the  Holden  mill.  Aspen,  Colorado,  and  at  the  Marciic 
mill.  Park  City,  Utah,  where  lixiviation  is  employed  for  the  treatment 
of  the  ore.  The  former  plant  was  put  in  operation  in  November,  1891, 
and  consists  of  four  double  shelf-driers,  with  one  6  feet  diameter  Taylor 
revolving-bottom  producer,  and  one  large  Stetefeldt  furnace,  with  a  Taylor 
producer,  also  7  feet  in  diameter.  Mr.  Morse,  the  general  manager  of 
the  Holden  works,  states  that,  on  a  recent  run  of  4,631  tons  of  ore,  96*4 
lbs.  of  coal  were  used  per  ton  of  ore  roasted,  costing  14*45  cents.  The 
coal,  consisting  of  a  mixture  of  about  equal  proportions  of  Colorado  New- 
castle and  Sunshine  coal,  costing  3*00  dols.  per  ton  delivered  at  the 
mill.     The  composition  of  these  coals  are  : — 


Colorado  Newcastle 
,,        Sunshine 


This,  Mr.  Stetefeldt  states,  is  the  cheapest  drying  and  roasting  on  record 
in  any  silver-mill,  and  the  introduction  of  the  system  of  employing  gas 
producers  is  making  rapid  progress  in  silver-milUng.  Full  details  of  the 
cost  of  drying  and  roasting  at  Aspen  on  a  run  of  12,000  tons  of  ore  are 
given  in  the  The  Engineering  and  Mining  Journal,  New  York,  of  June 
25th,  1892.* 

When  ores  contain  a  very  large  percentage  of  sulphur  :  i.e.,  are 
exceptionally  heavy.  Mechanical  roasting  furnaces  cannot,  as  a  rule, 
compete  with  the  old-fashioned  reverberatory  fm'nace,  but,  with  a  mode- 
rate amount  of  sulphur,  many  of  them  give  excellent  results.  The  cost 
of  roasting  (chloridizing)  in  the  Stetefeldt  furnace  is  said  to  vary  from 
16s.  to  £1  Os.  lOd.,  and  the  furnace  is  said  to  cost  £625  to  build.  A 
Briickner  furnace,  which  is  a  favourite  in  small  mills,  will  treat  from 
3  to  4  tons  (in  exceptional  cases  10  tons)  in  24  hours.  The  cost  of  roast- 
ing in  it  varies  from  10s.  to  £1  per  ton.  An  improved  form,  with  double 
cylinders  set  tandem,  is  estimated  to  roast  20  to  40  tons  of  refractoi^  ore 
(in  inverse  proportion  to  the  percentage  of  sulphur  it  can'ies)  at  a  cost 

*  Page  660. 


Fixed 

Carbon. 

Per  Cent. 

Volatile 
Matter. 
Per  Cent. 

Ash. 
Per  Cent. 

Water. 
Per  Cent 

I.   55-9      . 

..     35-9        . 

..       5-4     . 

.       — 

11.  48-6     . 

..     37-95     . 

..     11-6     . 

.     1-7 

III.  48-0     . 

..     43-0       . 

7-5 

— 

IV.  371     . 

..     36-3       . 

..     23-8     . 

.     2-8 
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of  £4  3s.  4d.  per  day,  i.e.,  2s.  Id.  to  4s.  2d.  per  ton.  Mr.  Bruckner's 
estimate  of  the  cost  of  a  double-cylinder  plant  is  £2,255  erected. 

In  many  of  the  best  modern  mills  where  dry-crushing  is  practised 
the  furnaces  are  placed  at  the  extremity  of  the  battery  line,  a  little  be- 
hind it,  and  not  in  front,  as  they  used  to  be. 

Mechanical  furnaces  of  the  improved  Briickner  and  Howell- White 
type  (a  modification  of  a  Hocking  and  Oxlands  calciner),  and  the  Stete- 
feldt  and  O'Harra  are  amongst  those  in  most  general  use. 

If  the  ore  requires  roasting,  dry  stamps  are  invariably  used,  the 
mortars  being  covered  in  with  a  wooden  housing,  to  which  exhaust  fans 
are  attached  to  draw  off  the  dust  into  pockets  (emptied  at  intervals), 
and  the  dry  ore  is  moved  by  screw-conveyors  or  horizontal  endless-belt 
tables  to  the  feed-pocket  of  an  elevator,  which  raises  it  to  the  hopper  of 
the  furnace  if  a  mechanical  roaster  be  employed.*  When  the  ore  is 
roasted  a  chlorination  assayf  must  be  made  of  every  charge. 

The  floors  of  modern  wet-crushing  mills  are  laid  slightly  inclined 
towards  a  reservoir  connected  with  the  pulp-tanks,  double-planked  and 
tarred,  and  the  mill  supply  of  quicksilver  is  almost  always  handled 
mechanically  by  a  mercury  pump.  It  is  imperative,  however,  that  it 
should  be  of  first-class  make,  as  a  poor  device  for  handling  quicksilver  is 
more  extravagant  than  hand  labour. 

The  variations  in  the  details  of  the  plant  and  method  of  manipulation 
are  capable  of  so  great  a  number  of  permutations  that  it  would  be  use- 
less to  attempt  to  go  into  the  subject  fully  in  this  paper.  The  author 
should,  however,  state  that  the  fineness  to  which  the  ore  can  be  reduced 
is  to  no  small  extent  determined  by  the  capacity  of  the  settlers  to  work 
off  the  coarse  sands  without  loss  of  mercury. 

Although  it  has  been  found  by  experience  that  some  ores  roast  as  well 
if  crushed  through  a  30  as  they  would  through  a  40  mesh  screen  ;  some 
heavy  ores,  i.e.,  those  that  contain  a  great  deal  of  sulphur,  give  a  low 
chlorination  and  extraction,  unless  crushed  finer,  say  to  a  50  mesh.  The 
limit  of  coarseness  to  which  it  is  ordinarily  practicable  to  carry  crushing 
with  stamps  is,  the  author  believes,  about  30  mesh. 

*  A  new  form  of  elevator  and  conveyor  made  by  the  Jeffrey  Manufacturing  Co., 
of  Columbus,  Ohio  (a  description  of  which  is  given  in  The  Engineevlng  and 
Mining  Journal,  New  York,  of  March  4th,  1893,  page  201),  consisting  of  a  steel 
cable,  to  which  a  number  of  iron  diaphragms  of  suitable  shape  are  attached  at 
intervals,  which  travel  in  a  trough  of  corresponding  shape,  would  seem  to  be  par- 
ticularly applicable  to  this  purpose. 

t  The  method  of  doing  this  is  excellently  described  by  Kustel,  Roasting  of  Gold 
and  Silver  Ores,  second  edition,  1880,  page  32,  et  seq. 
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It  cannot  be  too  strono-ly  emphasized  that  one  of  the  most  important 
points  in  pan-amalgamation  is  cleanliness  about  the  works,  and  the  use 
of  clean  quicksilver  ;  though  order  and  neatness,  with  the  polish  that 
comes  of  the  use  of  elbow-grease,  are  factors  of  economy  that  ought  to 
be  naturally  looked  for  in  all  mining  plant. 

Bichloride  of  copper  is  supposed  to  be  the  active  agent  in  the  "Washoe 
process  in  the  reduction  of  sulphide  of  silver;  just  as  bichloride  of 
mercury*  attacks  gold  and  amalgamates  with  it  when  ordinary  quick- 
silver will  not  touch  the  yellow  metal. 

If  it  is  worth  while  putting  up  a  weU-constructed  mill  building  (which 
cannot  be  done  without  corresponding  expense)  it  is  worth  while  keeping 
it  in  first-class  repair. 

The  cost  of  an  ordinary  20  stamp  dry-crushing  plant,  including 
rock-breaker,  mechanical-drier  and  roasting-furnace,  cooling-floors  and 
elevators,  ^vith  stamps  and  conveyors,  and  the  necessary  pans,  settlers, 
sluices,  etc,  with  a  quicksilver-tank  system,  will  not,  in  most  cases,  fall 
far  short  of  £7,100,  in  London,  exclusive  of  local  freight  and  erection 
charges.     It  would  weigh  about  234  tons. 

The  cost  of  a  20  stamp  wet-crushing  silver-mill  plant,  with  rock- 
breaker,  automatic-feeders,  stamps,  pulp-tanks  and  pans,  settlers,  etc., 
will  not  generally  come  to  less  than  £6,525,  and  weigh  about  186  tons. 

The  cost  of  treatment,  milling  ores  wet,  varies  from  12s.  6d,  to  £1  17s, 
Gd„  employing  the  Washoe  process.  A  high  average  being  about  18s. 
9d.  per  ton. 

The  cost  of  treatment,  milling  ores  dryt,  varies  from  £1  5s.  to  £2  lis., 
and  when  the  ore  requires  roasting  it  will  average  from  £1  13s.  4d  to 
£3  2s.  6d.,  and  sometimes  as  high  as  £5  16s.  8d.  per  ton. 

The  great  variations  in  silver  ores,  conditions  of  working,  and  methods 
of  extraction  make  it  impossible  to  give  more  than  very  general  estimates 
of  cost,  as  it  fluctuates  frequently  in  the  same  district,  with  differences 
in  price  of  fuel,  labour,  freight,  chemicals,  etc. 

*  The  DesignoUe  process. 

f  The  writer  alludes  here  to  a  modification  of  the  Reese  River  process,  which 
dispenses  with  roasting  ;  as  examples  of  which,  we  have  the  Eberhardt  at  White 
Pine,  and  the  Lancaster  mill  at  Tuscarora.  It  is  practised  on  the  grounds  that  a 
much  higher  percentage  is  saved,  if  the  ore  contain  chlorides,  as  the  finely  divided 
horn-silver  is  likely  to  be  lost  if  crushed  wet,  although  the  slimes  are  thin.  It  is 
applicable  also  to  some  ores  which  produce  an  excessive  amount  of  slime,  which 
escapes  the  settling-tanks. 
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A  25  stamp  wet-crushing  silver  mill,  running  24  hours,  generally  needs 
the  following  crew  of  men  : — 


2  rock-breakermen. 

2  battery  feeders. 

2  amalgamators. 

2  engineers  (and  in  some  cases  2 


1  mechanic. 

1  foreman  and  assayer. 

2  assistant  amalgamators. 

3  tank-men. 


firemen). 

The  G-rand  Prize' 
employs : — 

No.  of 
Men. 


(a  20  stamp  dry-crashing  and  chloridizing  mill) 


2  amalgamators 

2  „  helpers     ... 

2  chloridizers 

2  „  helpers     ... 

2  battery  feeders  (tenders) 

2  engineers  (drivers) 

4  firemen  ... 

1  melter  and  retorter 

6  dry-kilnmen 

1  blacksmith 

4  labourers 

28 


Wages  per  12 

Hours'  Shift. 

£    s.     d. 

.    at    1 

0 

10 

.     „     0 

16 

8 

.     „     1 

0 

10 

.     „     0 

16 

8 

•       V       1 

0 

10 

■   „   1 

0 

10 

•     „     0 

16 

8 

.     „     0 

16 

8 

•     „     0 

16 

8 

•    •,   1 

0 

10 

.     „    0 

16 

8 

The  Lancaster*  (a   10  stamp  dry-crushing  raw-amalgamating  mill) 
employs : — 


No.  of 
Men. 

Wages  per  12 

Hours  Shift. 

£    s.     d. 

2  amalgamators  ... 

...    •     ...    at    1     0  10 

2               „         helpers     ... 

„     0  16     8 

2  battery  tenders 

„     0  16     8 

2  engine  drivers    .. 

„     I     0  10 

3  firemen  ... 

„     0  16     8 

2  dry-kilnmen 

,     0  16     8 

3  labourers           

„     0  16     8 

16 


Examples  of  the  Washoe  Process. 

The  ores  of  Mineral  Hill,  Nevada,  consist  of  chloride  of  silver,  bromide 
of  silver,  argentite,  polybasite,  stephanite,  carbonate  and  molybdate  of  lead, 
carbonate  of  copper,  and  some  manganese,  occurring  in  a  limestone-forma- 
tion in  irregular  deposits.  Mr.  Eisslerf  states  that,  being  of  a  complex 
character,   they   were   originally   treated    by   roasting  milling,    but   he 


Egleston,  Metalhtrgy  of  Silver,  page  437.     f  The  Metallurgy  of  Silver,  page  155. 
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subsequently  worked  them  successfully  ou  the  Washoe  priuciple  by  dry- 
crushing  and  amalgamation  (the  modification  of  the  Reese  River  process, 
before  alluded  to). 

A  point  of  special  interest  is  the  presence  of  bin-oxide  of  manganese  in 
the  ore.  This  mineral  appears  to  have  a  deleterious  effect  on  the  amalga- 
mation, its  presence  being  indicated  in  the  settlers  by  a  thick  froth,  which 
in  spite  of  dilution  with  water,  carried  off  flowered  quicksilver.  The 
charge,  Mr.  Eissler  states,  which  gave  the  best  results,  was  found  to  be 
1,500  lbs.  of  ore  mixed  in  the  pans  with  15  to  20  lbs.  of  salt  and  3  to  5  lbs. 
of  bluestoue.     Treating  18  tons  per  diem,  the  cost  was  as  follows : — 

£      s.    d. 
Superintendent,  who  also  acted  as  assayer         ...         ...  2     18 

Master  mechanic 

Carpenter      

Two  engineers  at  £1  Os.  lOd.,  1  day  and  1  night 

Two  men  tending  rock-breaker  at  16.s.  8d. 

One  man  at  dry-kiln,  and  to  take  battery  samples,  1  day 

and  1  night 
Two  battery-feeders,  1  day  and  1  night  at  18s.  9d. 
Two  pan-men  during  the  day 
Two  pan-men  and  one  retorter  at  night ... 

400  lbs.  of  salt  at  3d 

8  cords  of  wood  at  &l  5s 

Loss  of  mercury,  .30  lbs.  at  5s. 

Wear  and  tear  of  iron,  and  repairs  

Oil  and   incidentals,   sulphate   of   copper    and    assay 

materials   ... 


1     5 

0 

1      5 

0 

2     1 

8 

1   1.3 

4 

1   13 

4 

1   17 

6 

1   13 

4 

2   10 

0 

5     0 

0 

10     0 

0 

7   10 

0 

4     8 

4 

3     2 

6 

Cost  per  ton,  £2  10s.  lid. 


£45  16     8 


The  ores  of  Pioche,  Lincoln  Coimty,  Nevada,  which  contain  on  the 
average  3  to  5  per  cent,  of  lead  (cerussite  and  galena)  have  been  treated 
successfully  by  the  ordinary  Washoe  process,  the  ore  being  worked  up  to 
over  82  per  cent. ;  when  assaying  £27  is.  8d.  per  ton  and  yielding  bullion, 
the  average  fineness  of  which  was  somewhat  below  700,  containing  lead 
and  some  copper. 

To  extract  the  greater  part  of  the  lead,  the  quicksilver  and  amalgam 
after  leaving  the  settlers  was  strained  in  sacks  suspended  in  a  large  box 
filled  with  water,  heated  with  steam  by  a  ^  inch  pipe.  Lead  amalgam 
at  the  temperature  of  boiling  water  remains  liquid,  and  will  therefore 
strain  through  with  the  excess  of  quicksilver.  As  a  certain  amount  of 
silver  and  copper  amalgam  also  passes  through,  the  mercury  is  run  into 
a  smaller  box  cooled  with  water,  and  when  cold  strained  in  the  usual  way, 
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leaving  an  amalgam  of  lead  containing  a  small  amount  of  the  other  metals. 
This  lead  amalgam,  when  retorted,  gave  bullion  containing  6  to  20  per 
cent,  of  silver,  very  little  copper,  and  only  a  trace  of  gold.  The  amalgam 
in  the  first  sacks  gave  bullion  from  .550  to  680  fine  in  silver,  and  finer  in 
inverse  proportion  to  the  amount  of  copper  in  the  ore. 

The  amalgam  from  the  second  straining  of  the  quicksilver,  with  ore 
of  normal  character,  gave  bullion  60  to  200  fine.  When  the  ore  was 
amalgamated  without  chemicals  the  bullion  was  300  to  350  fine,  and  when 
amalgamated  with  salt  and  bluestone,  but  not  strained  in  hot  water,  400  to 
450  fine.  The  ore  contains  on  an  average  £1  Os.  lOd.  in  gold  to  over 
£20  16s.  8d.  worth  of  silver,  this  proportion  remaining  very  constant. 
45  to  55  per  cent,  of  this  gold  is  extracted.  The  bullion  contains  0*0003 
to  0*0015  parts  of  gold,  and  occasionally  as  high  as  0*0030  parts.  With 
bullion  500  to  600  fine  (after  passing  through  the  hot-water  straining 
process)  the  loss  of  quicksilver  amounted  to  4|  lbs.  per  tou  of  ore,  due 
probably  to  the  formation  of  chloride  of  lead  and  the  subsequent  formation 
of  sub-chloride  of  mercury.  Another  source  of  loss  was  the  formation  of 
floured  lead-amalgam,  which  had  the  dull  appearance  of  lead  and  floated 
off  in  flakes  on  the  surface  of  the  water.  The  chloride  of  copper  formed 
rapidly  destroyed  the  castings  of  the  pans.  The  proportion  of  retorted 
bullion  to  amalgam  in  working  the  Comstock,  White  Pine,  and  Idaho  ores 
is  as  1  to  5  5  to  6  ;  in  amalgam  containing  a  large  amount  of  copper  as  1 
to  7  to  7^ ;  and  in  very  base  amalgam  as  I  to  4.* 

The  ores  of  the  Silver  Reef  in  the  Harrisburg  district,  Utah,  are  of  a 
remarkable  character,  consisting  of  chocolate-coloured  sandstone  with  fine 
chloride  of  silver  disseminated  through  its  mass,  and  where  organic  remains 
(such  as  leaves  and  stems  of  trees)  are  found  embedded  in  it,  the  silver  is 
present  in  a  pure  metallic  state.  In  the  Stormont  mine,  the  ore  is  found 
in  a  zone  10  to  100  feet  thick,  often  associated  with  fossil-remains,  etc., 
and  is  bounded  by  red  sandstones  above  and  white  sandstone  below.  The 
ore  is  very  easily  crushed  and  disintegrated,  a  750  lbs.  stamp  putting 
through  7  to  8  tons  per  24  hours'  crushing  through  a  40  mesh  screen,  so 
that  5  to  10  stamps  will  more  than  supply  12  pans,  working  1^  tons  pan 
charges.  Considering  the  size  of  the  mills,  the  cost  of  milling  is  in  con- 
sequence extremely  low.  The  ore  averages  £6  5s.  per  ton.  The  tailings 
vary  greatly  in  richness,  according  to  the  character  of  the  ore.  With 
sandstone  ore,  they  will  often  carry  12s,  6d.  per  ton,  while  with  sbaly 
ore  they  may  run  £2  Is.  8d.  or  more. 

*  Eisslev,  Metallnrgy  of  Silver,  page  l^'i. 
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Mr.  R.  p.  Rothwell  gives  the  cost  of  a  year's  working  at  three  of  the 
mills  of  the  district  as  follows  : — 


Per  ton  of  2,000  lbs. 

Christy  M.  and 

Mg.  Co. 

14,249  tons. 

£     s.      d. 

Stormont                   Leeds  Co. 

Co.             In  1878              In  1879 
9,983  tons.      12,064  tots.      4,679  tons. 
£     s.     d.      £      s.    d.       £     s.     d. 
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.)0 

2    H 
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1      i     £1 

2     7 

£0  17     2 

Hauling  ore  to  mill 

0 

3 

Oh 

0 

8     4       0 

I     i 

0     1  Oi 

In  parts  of  Mexico,  silver  ore  which  falls  below  £6  5s.  per  ton  is  not 
available  for  the  Washoe  or  patio  processes,  owing  to  the  excessive  cost 
of  transport,  and  fuel.  At  Guanajuato,  for  example,  packing  on  mules 
costs  1-ts.  7d.,  and  treatment  of  the  ore  £2  7s.  lid.,  whilst  mining, 
pumping,  hoisting,  etc.,  add  a  further  charge  of  £2  10s.  Wood  costs 
£2  Is.  8d.  and  coal  £4  lis.  8d.  per  ton.  The  district,  however,  is  said 
to  be  a  rich  one,  one  group  of  mines  north  of  the  city  of  Guanajuato 
being  credited  with  a  production  of  312,860,0u0  dollars  between  1548 
and  1889,  out  of  a  total  of  650,000,000  dollars  worth  of  silver  obtained 
from  the  district. 

Mr.  W.  L.  Austin  gives*  the  subjoined  particulars  of  the  cost  of 
running  a  wet-crushing  silver-mill  in  the  Tombstone  district,  stating 
however  that,  owing  to  the  arrangement  of  the  plant,  which  works  under 
some  disadvantages  consequent  upon  its  alteration  from  dry-chloridizing 
to  wet-crushing  and  other  reasons,  a  reduction  of  20  per  cent,  in  the  cost 
of  milling  could  be  effected  under  more  favourable  circumstances. 

A  novel  feature  to  be  noticed  is  that  the  shoots  leading  from  the  ore- 
breaker  to  the  bins  are  not  only  provided  with  the  ordinary  grizzleys,  the 
bars  of  which  are  set  f  inch  apart,  but  the  bottom  of  the  shoot  itself  is 
fitted  with  a  shaking-frame  covered  with  screens  of  the  same  mesh  as 
those  used  in  the  battery. 

This  relieves  the  batteries  materially,  and  decreases  the  amount  of 
slimes,  increasing  the  capacity  of  the  mill  5  per  cent,  or  more,  depending 
on  the  fineness  of  the  ore  and  its  percentage  of  moisture,  as  the  ore  fine 
enough  to  pass  the  screens,  goes  direct  to  the  pans  without  passing 
through  the  battery  at  all. 

*  "Silver  Jliniug  in  Arizona."     Trans.  Am.  Inst.  Jlin.  .£'»//.,  vol.  xi..  page  91. 
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The  average  gross  weight  of  the  stamps  is  between  750  and  800  lbs. 
The  shoes,  weighing  120  lbs.,  have  an  average  life  of  one  month,  when 
worn  down  to  about  35  lbs. 

Hendy  Challenge  feeders  are  used,  and  the  stamps  crushed  2*9  tons  of 
medium  hard  rock  in  24  hours  for  the  first  six  months  they  were  in 
operation,  using  a  30  mesh  screen. 

After  4  hours'  grinding  in  the  pans,  the  average  extraction  was  found 
to  be  about  Sl'Ol:  per  cent.,  and  nothing  material  was  gained  by  prolong- 
ing the  treatment,  but  by  the  use  of  salt  and  bluestone  87  per  cent,  could 
be  got  out  of  the  ore,  which  contained  only  7  per  cent,  of  its  silver  as 
chloride. 

So  long,  however,  as  coarse  crushing  was  adhered. to  in  the  battery, 
the  bullion  was  much  debased.  The  remedy  was  found  to  be  to  crush 
finer,  using  35  mesh  screens  and  amalgamating  without  grinding  in  the 
pans,  by  which  means  the  bullion  was  kept  at  '970  fine  without  sacrificing 
the  milling  percentage.  The  ore  contains  about  8s.  4d.  in  gold,  and  43 
per  cent,  of  this  was  also  recovered.  It  may  be  mentioned  that  the 
debasing  of  the  bullion  was  chiefly  due  to  lead,  which  lowered  it  down  to 
*200  and  "300,  and  whenever  wulfenite  appeared  in  the  ore  this  was 
remarked  to  a  much  greater  extent  than  when  the  lead  was  in  the  form 
of  cerussite  or  galena. 

The  average  cost  of  milling  for  five  months  was  with  20  stamps  : — 


£   s. 

d. 
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...      0   10 
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Fuel 

...      U     i 
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Chemicals  and 
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...     0     1 
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...     0     0 

8 

...£1     0 

5 

The  cost  of  labour  (subdivided)  treating  1,730  tons,  based  on  one 
month's  work  was  estimated  to  be  : — 

Crushing 
Amalgamating 
Power-pumps,  etc. 
Foremen,  etc.    ... 
Tailings-pits     ... 
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The  loss  of  mercuiy  averaged  about  5s.  5cl.  per  ton,  and  about  0*11 
cords  of  wood,*  and  1,200  gallons  of  water,  were  consumed  per  ton  milled. 

Mr.  Austin  also  gives  another  instance  of  the  cost  of  wet-crushing  in 
Arizona,  estimated  on  2,643  tons  crushed  in  a  20-stamp  battery,  fur- 
nished with  a  rock- breaker  and  automatic  feeders,  separating  the  coarse 
sands  in  hydraulic  sizing-tanks,  and  working  each  sand-class  by  itself, 
for  which  the  ore  alluded  to  was  particularly  suitable,  being  entirely  free 
from  base  metals  with  a  gangue  of  light  specific  gravity. 

The  stamps  weighed  800  lbs.,  and  put  through  on  an  average  5  tons 
per  head  in  24  hours. 

Cyanide  and  lime,  in  the  proportion  of  1-4  lbs.  of  the  former  chemical 
and  120  lbs.  of  the  latter  per  100  tons  of  ore,  were  used  in  the  pan 
treatment.     The  mercury  was  pumped  through  the  mUl  for  distribution. 

The  motive  power  was  a  200  horse-power  horizontal  engine  (42  inches 
by  20  inches  cylinders,  run  at  60  revolutions  per  minute),  and  the  boilers, 
which  were  tubular,  15  feet  6  inches  by  54  inches,  carrying  85  lbs.  steam 
pressure,  burnt  16  cords  of  wood  irrespective  of  the  boiler  for  the  pump, 
which  burnt  8  cords  per  week.     The  cost  per  ton  of  ore  was  : — 

Labour  ...  ...         ...         

Supplies 

Assaying        

0  17     2 

The  cost  for  labour  as  given  above  is  thus  subdivided : — 

Crushing 

Amalgamation 

Pow<T,  pumps,  and  repairs 

Foreman,  melter,  etc. 

The  cost  of  material  as  given  above  is  thus  subdivided  :— 

Mercury 

Chemicals      ...         ...         

Castings 

Illumination  and  lubrication 

Fuel,  including  pump 

Supplies 


*  This  includes  pumping  the  water  supply  200  yards  (with  a  lift  of  100  feet 
vertical);  7  cords  of  mixed  wood  (black  oak,  white  willow,  and  pine),  costing 
£1  17s.  6d.  per  cord,  were  used  on  the  average  per  day.  The  mill  engine  was  pro- 
vided with  a  Meyer  cut-ofiE. 
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The  consumption  of  wood  per  "ton  of  ore  was  0*1 5  cords,  and  of 
mercury  0'96  lbs. 

The  bulhon  averaged  "995  fine. 

Stated  in  gallons,  the  quantity  of  water  used  per  boiler  in  a  silver- 
mill  is  7^  gallons  per  horse-power  per  hour.  For  each  stamp,  12  gallons 
per  hour  ;  for  each  pan,  120  gallons  per  hour;  and  for  each  settler,  60 
gallons  per  hour. 

The  consumption  of  wood  (not  including  that  used  for  roasting)  in  a 
dry-crushing  mill  is  put  by  Prof.  Egleston  at  about  ^  cord  per  ton. 

The  power  required  for  a  Briickner  roasting-cylinder  is  estimated  at 
about  2  horse-power,  and  for  the  Howell- White  Ij  horse-power. 

The  ore  according  to  its  baseness  loses  3  to  15  per  cent,  by  weight  in 
roasting. 

The  value  of  stock  on  hand  necessary  to  run  a  dry  or  wet-crushing 
silver-mill,  including  wood,  mercury,  castings,  chemicals,  etc.,  is  very 
variable. 

Examples  of  Roasting  Milling  Treatment. 

The  ore  of  the  Ontario  mine  is  a  very  base  one,  being  composed  of 
zinc,  lead,  and  silver  sulphides  and  silver  chloride  in  a  quartz  gangue. 
This  becomes  baser  with  the  increasing  depth  of  the  workings.  The 
bullion  obtained  runs  about  600  fine  and  contains  no  gold.  The  average 
grade  of  the  ore  treated  is  100  to  130  dollars  per  ton,  and  the  amount 
treated  varies  from  50  to  55  tons  per  day,  though  formerly  (when  it  was 
less  base)  65  tons  were  handled  daily.  The  ore  is  roasted  in  Stetefeldt 
furnaces  with  the  addition  of  about  15  per  cent,  (dry  weight)  of  salt. 

After  leaving  the  furnace  the  ore  goes  to  the  cooling-floor,  where  it 
remains  piled  up  for  IS  hours.  This  increases  the  chlorination  from  3  to 
8  per  cent.  After  being  damped  it  is  run  to  the  pan-room.  Each  pan- 
charge  of  ore  weighs  2,500  lbs ,  to  which  1  per  cent,  of  salt  is  added,  and 
the  pulp  made  up  with  the  addition  of  hot  water  to  proper  consistency. 
The  muller  makes  about  65  revolutions  per  minute,  and  is  held  1  inch 
above  the  pan-bottom  so  that  it  does  not  grind.  About  1  lb.  of  zinc 
and  300  lbs.  of  mercury  are  added  to  the  pan  after  it  has  run  1  hour 
(and  is  hot),  and  amalgamation  is  continued  for  7  hours.  Prom  the  pans 
the  pulp  is  drawn  into  settlers,  which  run  4  hours,  making  40  revolutions 
per  minute,  and  after  running  for  1  hour  cold  water  is  let  in,  and  the 
overflow  discharging  the  tailings  is  set  running.  The  mill  is  worked  up  to 
from  88  to  92  per  cent,  of  the  value  of  the  ore,  that  being  counted  as  the 
amount  chlorinated.     The  tailings  carry  off  8  to  12  per  cent,  of  the  silver. 
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The  cost  of  treatment  on  a  production  of  50  tons  per  day  was  stated 
as  follows*  : — 
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Occupation. 
Foreman... 
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Batterymen 
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£1     1 
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Supplies. 
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£     s. 
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Salt,  10  tons               at  $8-00 

...        80-00        . 

.       0     6 
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Quicksilver,  17.5  lbs.  at    0-50 

...       87-50       . 

..0     7 
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67-.50  1 
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8^ 

Coal,  12  tons               at    8-2.5 
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0* 

Sundries,  chemicals,  etc 

..0     2 

1 

Hauling  from  mine 

..0     2 
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Charcoal,  assaying,  and  melting    ... 



0     1 

Oi 

£2     1     1^ 

Total  cost   per  ton,  £3   2s.   7^d.,  exclusive  of  office  expenses,  general 

superintendence,  repairs,  and  insurnnce. 

The  report  of  the  Granite  ^fountain  Company,  Phillipsburg,  Montana. 

one  of  the  largest  dry  chloridizing  roasting-crushing  plants  in  America 

(running  153  stamps),  gives  the  following  particulars  of  working  for  the 

year  ending  July  81st,  1891  : — 

Ore,  tons  crushed,  wet,  72.623   =   dry  weight, 
Salt,  „  .,       10,807   = 


68,850 
10,645 


f 


Total 


83,430 


79,495 


Average  moi.<ture  in  the  ore.  5-2  per  cent.  ;  average  moisture  in  salt,  1-5  percent. 


*   R.  P.  Rothwell,  Trdiis.  Am.  List,  of  Min.  Eng.,  vol.  viii..  page  557. 
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The  salt  and  ore  are  mixed  before  crushing. 

The  ore  averaged  6  0*59  ounces  of  silver,  and  the  cost  of  milling  was 
£2  Is.  8d.  per  dry  ton,  divided  as  follows  : — 
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The  company's  three  mills  of  20,  43,  and  90  stamps  respectively  are 
known  as  A,  B,  aud  C,  and  have  cost,  with  improvements  up  to  date, 
£145,843  17s.  9^d.,  as  shown  by  the  trial  balance  sheet.  The  cost  varied 
from  £1  16s.  7|d.  in  mill  C,  which  crushed  42,153*  wet  tons,  to 
£2  lis.  lOd.  in  mill  A,  which  crushed  9,934t  wet  tons. 

The  saving  of  silver  amounted  to  90*7  per  cent. 

The  report  of  the  Elkhorn  Company,  of  Montana,  for  1891,  affords 
another  excellent  Olustratiou  of  close  saving  and  business-like  manage- 
ment. 

The  mill,  which  crushed  11,645  tons  (dry)  during  the  12  months 
ending  December  31st,  1891,  saved  93-78  per  cent|  of  the  silver  contents 
of  the  ore  at  a  cost  of  (9*226  dollars)§  £1  18s.  5^d.,  a  close  approxi- 
mation to  the  figures  just  given. 

Tailings  Mills. 

Silver-mill-tailings  are  generally  concentrated  on  concentrators,  or  on 
blankets,  in  sand-sluices,  and  either  leached,  or  treated  in  pans  on  the 
Comstock  system  (using  chemicals)  ;  which  has  given  rise  to  what  are 
known  as  tailings,  or  auxiliary  mills. 

Tailings  from  silver  mills  can  in  fact  often  be  treated  profitably  by 
storing  them  in  dams,  leaving  time,  air,  and  chemical  agency  to  effect 
then*  oxidation,  and  then  treating  them  raw  in  pans,  no  drying  or  chlor- 
idiziug  being  required. 

The  chief  drawbacks  against  this  method  are  the  uncertainty  as  to  the 
time  necessary  for  complete  oxidation  of  the  minerals  present,  which  may 
be  taken  from  2  to  4  years,  and  the  necessity  of  constructing  large 
storage  dams. 

*    Eepresenting  40,C67  dry  tons.  f  Eepieseutiug  9,318  dry  tons. 

X  In  1890,  86-83  per  cent,  was  saved,  the  increase  in  1891  is  attributed  to  using 
extra  salt.  §  For  analysis,  see  Appendix. 
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Mr.  Eissler  states*  that,  in  some  establishments  of  this  kind  in 
Nevada,  the  quantity  of  sulphate  of  copper  supplied  to  the  pans  with  this 
system  of  treatment  varies  from  3  to  6  lbs.  per  ton  of  tailings,  while  the 
salt  amounts  to  20  or  30  lbs.  The  pans  are  covered,  and  supplied  with 
steam  at  a  high  temperature. 

He  places  the  yield  at  about  60  per  cent.,  dealing  with  an  ore  worth 
£3  to  £3  10s.  per  ton,  and  gives  the  current  cost  as  follows  : — 
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In  Avery's  tailings- mills  in  Washoe  valley,  where  wood  is  £1  4s. 
per  cord,  the  cost  per  ton  is  stated  to  have  been  14s. 

It  is  usual  in  Nevada  for  two  sets  of  samples  to  be  taken  as  a  basis 
upon  which  to  detennine  the  value  of  the  ore,  when  it  is  treated  at  customs 
establishments.  One  of  these  samples  is  taken  from  the  waggon  conveying 
the  ore  from  the  mine  to  the  mill,  the  other  from  the  mill  after  the  ore 
has  been  crushed.  The  waggon  sample  is  obtained  by  drawing  from  each 
waggonload  of  ore  a  sample  of  rock,  and  mixing  the  total  number  of 
samples  of  the  loads  sent  to  any  one  mill  at  the  end  of  the  day.  This 
bulk  sample  is  th-^n  quartered  down,  the  mill  being  charged  with  the 
weight  of  ore,  and  the  amount  of  gold  and  silver  represented  by  assay. 
The  mill  sample,  which  is  to  serve  as  a  check  on  the  waggon  sample,  is 
taken  by  allowing  the  crushed  ore  as  it  comes  from  the  battery  to  run  into 
a  pail,  held  at  the  end  of  the  trough  leading  to  the  tanks. 

A  sample  of  this  kind  is  taken  in  most  mills  every  hour,  in  some  every 
half -hour,  aud  the  accumulated  samples  are  well  mixed,  dried,  and  reduced 
to  a  sufficient  quantity  for  assay. 

The  pail  or  vessel  in  which  the  crashed  ore  is  caught  must  not,  of 
course,  be  allowed  to  overflow. 

In  some  mills  the  samples  are  taken  from  the  tanks  after  the  sand  has 
deposited  itself  in  them,  either  from  the  surface  or  preferably  with  a 
tube  sampler. 

Strange  as  it  may  seem  the  waggon  samples  and  mill  samples  generally 
diflfer  in  yield,  and  the  fonner  is  usually  the  highest. 

This  was  proved  in  the  late  celebrated  suit  tried  before  Judge  Hebbard, 
Fox  versus  the  Hale  and  Norcross  Co.  In  practice,  therefore,  both  assays 
are  duly  considered,  and  an  adjustment  arrived  at. 

*  The  Metallurgy  of  Silver,  page  114. 
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A.  D.  Hodges,  in  an  interesting  paper  on  pan-amalgamation,*  esti- 
mating on  46,500  tons  of  Comstock  tailings  treated  at  Drayton,  Nevada, 
calculates  the  cost  of  treating  them  as  follows  : — 

s.  d. 
Preparing  and  hauling          ...         ...         ...     1     3^ 

Milling 8     1^ 

General  expenses       ...         ...     0  lOf 


Total  per  ton         ...  10     8 J 

Some  of  the  sand  so  treated  seems  to  have  run  about  15s.  3^d.  in 
silver,  and  4s.  8|d.  in  gold,  total  £1,  and  yielded  in  bullion  75'8  per 
cent,  of  the  silver,  and  25  per  cent,  of  the  gold,  total  63'8  per  cent., 
whilst  some  of  the  slimes  averaged  £2  15s.  3d.  silver,  and  9s.  5|d.  gold, 
total  £3  4s.  S^d.,  and  yielded  85*8  per  cent,  of  the  silver,  and  42*5  per 
cent,  of  the  gold,  total  79  5  per  cent. 

The  loss  of  quicksilver,  treating  sands  at  Drayton,  ran  under  ^  lb., 
and  with  slimes  from  |  to  1  lb.  per  ton. 

The  bullion  from  the  treatment  of  the  sands  did  not  run  over  150 
fine,  and  with  the  richer  slimes  the  best  results  were  got  when  it  was 
from  200  to  250  fine. 

In  Dakota,  it  may  be  mentioned  that  with  free-milling  gold  ores,  it 
cost  4d.  for  mill  labour,  to  produce  4s.  2d.  worth  of  gold. 

In  Nevada,  on  the  other  hand,  though  over  five  times  as  much  work 
is  required  per  ton  treated,  it  costs  only  about  3^d.,  but  this  seeming 
contradiction  is  explained  by  the  higher  grade  of  the  Nevada  ores. 

A  20  pan  mill,  without  any  special  arrangement  for  catching  mercury 
working  on  tailings,  made  a  gain  of  700  lbs.  of  mercury  in  6  weeks,  which 
was  but  a  small  part  of  the  mercury  actually  contained  in  the  slimes. 

In  view  of  these  losses  it  generally  pays  to  employ  concentrators  to 
work  up  the  mill-tailings.  Sometimes  a  machine,  known  as  a  Varney 
amalgamator,  is  set  in  the  tailings-sluice. 

As  battery  slimes  require  no  grinding  it  would  seem  most  advantageous 
to  charge  the  quicksilver  direct  into  the  pan,  but  experience  has  shown 
that  better  results  are  obtained  by  charging  the  chemicals  with  the 
slimes  and  thoroughly  mixing  them  for  about  two  hours  with  the  muller 
up,  and  then  adding  the  mercury,  as  the  slimes  form  a  pasty  mass  which 
might  hold  and  carry  off  the  finely  divided  quicksilver.  In  treating  such 
material  one-half  its  bulk  in  sand  (tailings  from  the  pans),  and  sometimes 
more,  is  added  to  the  charge. 

In  many  so-called  free-milling  ores  of  silver,  or  silver  and  gold  com- 
bined, there  are  small  quantities  of   sulphides  of   the  base  metals,  not 

*   Trans.  Am.  Imt.  Min.  Eng..  vol.  xix.,  page  231. 
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suflBcient  in  quantity  or  value  to  make  the  ore  suitable  for  roasting,  yet 
enough  to  prevent  a  high  extraction  by  free-milling,  besides  increasing  the 
cost.  Such  ores  can  be  best  treated  by  the  combined  process  of  con- 
centration and  amalgamation. 

Stamping  the  ore  wet,  passing  it  over  copper  plates,  concentrating  in 
vanuers,  and  then  amalgamating  the  tailings  by  the  continuous  process, 
lessens  or  dispenses  with  grinding  in  the  puns,  decreasing  the  wear  of 
castings  and  fuel  consumption  ;  decreases  the  losses  of  quicksilver  ; 
increases  the  capacity  of  the  battery  by  permitting  coarser  crushing  ; 
raises  the  percentage  of  extraction,  and  gives  higher  grade  buUion. 

The  Montana  Company  by  adopting  this  process  obtained,  it  is  said, 
an  iiijoreased  saving  over  ordinary  pan  treatment  of  from  £1  13s.  4d.  to 
£2  Is.  8d.,  decreased  the  loss  of  mercury  to  |  lb.  per  ton  of  ore,  and 
increased  the  tenure  of  the  bullion  from  •500  to  •900  fine.  The  cost  of 
the  process  is  from  12s.  6d.  to  £2  Is.  8d.  per  ton,  and  less  water  is  re- 
quired than  with  ordinary  pan-amalgamation. 

It  is  sometimes  more  expedient  (depending  on  the  base  metals  present, 
and  the  way  the  ore  breaks)  to  crush  finer  in  the  battery  and  grind  less, 
as  before  mentioned. 

Since  ore  will  break  naturally  where  there  is  most  mineral,  by  dis- 
engaging it  as  far  as  possible  in  crushing,  as  mercury  h^is  a  greater  affinity 
for  the  precious  than  for  the  base  metals,  there  is  less  likelihood  of  its 
becoming  foul  and  inactive  through  taking  up  lead  and  other  things 
which  grinding  tends  to  make  it  do. 

In  Arizona  the  loss  in  melting  bullion  averaging  '938  fine  (from 
volatilization  and  skimmings)  is  stated  by  Mr.  Egleston  to  be  7'55  per  cent. 

Ores,  like  some  of  those  of  the  Comstock,  that  contain  their  gold 
and  silver  more  or  less  free,  ^vill  mill  from  60  to  80  per  cent,  by  the 
Washoe  process  and  in  exceptional  cases,  like  those  of  White  Pine  (Nevada) 
and  Silver  Reef  (Utah)  to  even  85  per  cent.  Roasting  milhng,  on  the 
other  hand,  gives  an  extraction  of  from  80  to  93  per  cent.,  and  in  excep- 
tional cases  9 J:  per  cent. 

The  combined  process  yields  often  75  to  85  per  cent. 

The  Patio  Process. 

This  very  ancient  and  interesting  process  cannot  be  passed  by  without 
comment,  as  Mexico,  which  is  its  home,  so  to  speak,  is,  it  must  be  recol- 
lected, the  second  largest  silver  producer  in  the  world,  and  it  is  safe  to  say 
that  three-fourths  to  seven-eighths  of  the  silver  it  returns  is  obtained  by 
the  patio  process. 
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The  practice  at  San  Dimas  (State  of  Durango)  may  be  considered 
typical,  and  is  excellently  described  by  Mr.  R.  E.  Chism,*  whose  paper 
contains  detailed  information  on  the  subject.  Englishmen  and 
Americans  alike  have  gone  into  Spanish  America  from  time  to  time 
expecting  to  revolutionize  this  time-honoured  system  by  introducing  more 
modern  metallurgical  methods,  bat  in  most  cases  they  would  appear  to 
have  failed  in  doing  so,  leaving  abandoned  reduction  works  all  over  the 
country  as  monuments  of  their  errors.  If  we  look  for  an  explanation,  it 
is  to  be  found  in  the  neglect  of  local  conditions  on  which  the  success  or 
failure  of  every  process  more  or  less  depends. 

The  patio,  with  its  cheap  plant  and  fairly  close  extraction  in  Mexico, 
where  saving  of  time  is  a  secondary  consideration,  where  transportation 
is  difficult,  where  the  ores  are  rich,  and  where  animal  power,  space,  and 
labour  are  cheap,  whilst  fuel  and  other  necessaries  are  dear  (Central 
America  possessing  a  suitable  climate,  and  labour  accustomed  to  the  work 
from  time  immemorial)  can,  iu  fact,  hold  its  own  for  the  treatment  of 
ores,  which  do  not  contain  more  than  a  trace  of  lead  and  zinc,  where  other 
processes  would  fail. 

The  silver,  which  the  patio  yields,  is  almost  free  from  impurities  and 
baser  metals.  An  assay  of  several  bars  showed  an  average  fineness  of 
0-994  silver  .and  0-035  gold.  Mr.  Chism  gives  the  cost  of  treatment  in  a 
large  hacienda  where  the  tahonas  were  in  two  groups,  and  were  worked  by 
gear  connected  with  an  over-shot  waterwheel,  where  the  breaking  was 
done  by  wooden  stamps  shod  with  iron  (also  driven  by  a  waterwheel), 
and  where  the  washing  was  done  by  a  water-power  washer,  working  a 
trilla  of  19  tons,  as  follows  : — 

Breaking,  grinding,  and  cost  of  tools 

Amalgamator's  wages 

Scraping  tahonas 

Carrying  and  washing  scrapings    ... 

Concentrating  tailings  of  scrapings 

Carrying  slime  from  tahona  to  patio 

Mules  and  keep 

I^abour,  spreading  trilla  and  mule  ilrivin^ 

Labour,  washing  trilla 

Charcoal,  for  retorting  silver 

Concentrating  tailings  of  trilla 

Materials — 

Salt.  600  lbs.  at  4d 

Sulphate  of  copper,  125  lbs.  at  Is.  O^d. 

Precipitated  copper,  25  lbs.  at  2s.  9d. . . . 

Quicksilver,  I'd'd  lbs.  at  2s.  7^d. 

Total  cost     ... 
*  Trans.  Am,  Inst.  Min.  Eng.,  vol.  li.,  page  61 
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The  cost  to  the  owners  would  probably  not  exceed  £5  4s.  2d.,  as  the 
above  costs  include  a  certain  charge  for  profit. 

At  works  where  the  tortas  are  of  small  size  (about  10  tons)  and  the 
ore  is  broken  without  the  aid  of  water-power,  inclusive  of  superintendence 
and  interest  on  plant,  the  cost  is  said  to  be  £5  14s.  lid. 

The  concentrates  obtained  from  the  planilla-treatment  and  washing  in 
the  boliche  are  ship}5ed  and  smelted  in  Germany. 

From  70  to  75  per  cent.,  and  in  some  few  cases  perhaps  80  per  cent., 
of  the  assay  value  of  the  ore  in  silver  is  saved  by  the  patio  process,  72 
per  cent,  being  probably  about  the  average;  whilst  of  the  gold  present  40 
per  cent,  is  lost,  20  per  cent,  of  the  remainder  goes  with  the  silver, 
and  the  rest  is  recovered  from  the  tailings  or  is  caught  in  the  tahona. 

The  process  from  start  to  finish  takes  from  23  days  to  7  weeks. 

In  The  Engineering  and  Mining  Journal,,  New  York,  of  May  7th, 
1892,*  Mr.  E.  du  B.  Lukis  describes,  what  he  claims  to  be,  a  recent 
improvement  on  the  patio  system  specially  applicable  to  ores  containing 
antimonial  and  arsenical  sulphides  of  silver,  together  with  ordinary 
sulphides  and  some  chlorides. 

The  ore,  instead  of  going  direct  to  the  patio  after  crushing,  is  first 
roasted  for  10,  12,  or  20  minutes.  The  object  of  this  roasting  is  merely 
to  give  a  quick  start  to  the  process,  and  while,  owing  to  its  rapidity,  it  is 
said  not  to  entail  a  loss  of  over  \\  to  2^  per  cent,  of  the  silver  by 
volatilization  ;  comparative  trials  have,  it  is  asserted,  proved  the  benefit  to 
be  derived  therefrom. 

It  is  not  desirable  to  roast  sweet,  but  only  to  break  up  the  molecular 
affinity  of  the  particles  of  the  mineral  by  heat,  so  as  to  hasten  the  progress 
of  the  after-chemical  process  with  a  view  to  save  labour  and  time. 

The  most  important  part  of  the  modification  in  treatment,  however, 
lies  in  the  use  of  hyposulphite  of  soda,  for  if  roasted  ore  be  treated  by  the 
ordinary  patio  method  it  will  not  work,  the  quicksilver  gets  hot  at  once, 
and  nothing  can  be  done  with  it. 

It  is  also  claimed  that  it  is  now  possible  to  arrive  at  the  quantity  of 
sulphate  of  copper  that  will  be  required  to  beneficiate  the  cake  from  the 
start,  reducing  the  treatment  nearly  to  a  certainty.  To  avoid  the  usual 
loss  of  quicksilver,  the  amalgamation  is  stopped  before  the  difficulty  of  the 
patio  treatment  commences  (when  in  fact  the  free  silver  ores  have  been 
amalgamated),  the  amalgam  is  then  washed  out  in  the  usual  way,  and  the 
more  refractory  silver  minerals  are  concentrated.  The  results  are  stated 
to  have  been  satisfactory,  showing  an  extraction  of  92  per  cent,  of  the 
assay  value. 

*  Pase  496. 
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The  ores  taken  for  trial  were  of  a  mixed  class.  One-third  of  the  silver 
being  antimonial  or  ruby  silver,  the  remainder  mostly  silver  glance,  but 
with  pyritiferous  silver  ore  and  some  chlorides.  The  assay  value  was  50 
dollars  per  ton.  The  heavy  minerals  amounted  to  about  10  or  15  per 
cent,  of  the  whole. 

The  ores  were  stamped  dry  to  pass  a  60  mesh  screen,  and  roasted  in 
an  ordinary  reverberatory  furnace  with  a  hearth  measuring  8  feet  by  6 
feet.  The  temperature  was  raised  to  a  good  red  heat.  Charges  of  400 
lbs.  were  mixed  with  2^  per  cent,  of  salt,  spread  over  the  hearth  and 
kept  gently  stirred  with  a  rabble.  Eight  minutes  after  charging,  a  sample 
was  taken  out  and  washed  in  the  tentadui'a  or  assay  horn  to  show  the 
colour  of  the  concentrates.  It  is  by  the  colour  that  the  calciner  knows 
when  to  stop  roasting.  When  sufficiently  roasted,  which  does  not  in  any 
case  take  more  than  20  minutes,  the  charge  is  quickly  withdrawn,  and  a 
fresh  one  introduced. 

The  hot  ore  is  allowed  to  remain  in  a  pile  until  next  day,  when  it  is 
spread  on  the  patio,  moistened  with  water,  and  trodden  into  a  soft  pulp, 
with  an  addition  of  ^  per  cent,  of  salt.  This  being  done  in  the  morning, 
sulphate  of  copper  can  be  added  three  or  four  hours  later.  The  required 
quantity  can  only  be  ascertained  by  experiment,  but  in  the  case  cited 
4|  ounces  per  25  lbs.  were  found  the  right  quantity.  After  this  addition 
the  pulp  is  again  trodden  and  left  till  next  duy. 

Early  next  morning  a  guide  is  taken  from  the  cake  by  a  peon  who 
walks  across  it  in  two  diagonal  lines  taking  small  portions  of  the  pulp 
here  and  there,  and  accumulating  a  sample  as  near  as  can  be  guessed  of 
about  100  lbs.  This  is  placed  in  a  corner  of  the  patio,  and  divided  into 
four  portions  of  25  lbs.  each,  to  each  of  which  different  quantities  of 
sulphate  of  copper  are  added,  say  1,  2,  and  4  grammes  (15,  30,  and  60 
grains)  respectively.  Assays  of  each  are  taken  in  turn  (commencing 
with  the  pulp  of  the  cake  itself),  and  mixed  up  with  a  globule  of  mercmy 
in  the  tentadura  and  washed,  when  the  action  of  the  sulphate  on  the 
mercury  will  be  seen  by  its  colour.  It  ought  to  remain  bright  and  quick, 
and  sulphate  can  be  added  in  small  quantities  to  the  guide  until  the 
mercury  shows  a  trace  of  heat,  i.e.,  becomes  discoloured  and  leaden  in 
tone,  which  indicates  that  a  gramme  (15  grains)  too  much  jDer  25  lbs. 
has  been  added. 

The  amalgamator  now  knows  that  he  may  add  1,  8,  or  5  grammes 
(15,  45,  or  75  grains)  as  the  case  may  be  per  25  lbs.  of  cake.  Done  with 
care  and  patience,  this  should  be  a  sure  guide  as  to  the  total  quantity  of 
sulphate  the  cake  can  stand. 
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If  the  process  were  now  continued,  as  with  raw  ores,  the  mercury 
would  become  very  hot  by  next  day,  and  soon  not  work  at  all,  that  is  to 
say  become  dirty  in  appearance  and  cease  to  form  silver  amalgam.  To 
avoid  this  trouble,  hyposulphite  of  soda  has  been  used  and  found  to  work 
successfully,  whilst  it  helps  to  hasten  the  process.  It  must,  however,  be 
employed  with  great  care,  the  quantity  being  found  by  trial  for  determined 
mixtures  of  ore,  and  upon  this  depends  its  success.  Eoughly  speaking,  ^ 
ounce  per  100  lbs.  of  pulp  will  be  sufficient,  more  would  destroy  the 
mercury. 

Having  decided  upon  the  additional  ([uantity  of  sulphate  of  copper 
that  can  be  added  on  this  the  second  day,  and  having  trodden  it  into  the 
pulp  thoroughly,  the  hyposulphite  of  soda  may  be  added  and  trodden 
in  the  same  way,  and  inmiediately  afterwards  the  mercury  should  be 
sprinkled  over  the  cake  and  trodden  in,  in  such  proportion  as  to  take  up 
by  amalgamation  two-thirds  of  the  assay  value,  or  4  ounces  of  mercury 
per  ounce  of  silver  present. 

The  following  or  second  day  after  incorporating  the  mercury,  treading 
with  horses,  spading  over,  and  taking  assays  will  be  all  that  is  needed, 
unless  it  is  found  that  a  guide  of  25  lbs.  can  stand  an  addition  of  sulphate 
of  copper.  This  should  not  be  necessary  if  the  quantity  be  properly 
determined  before  adding  the  hyposulphite.  More  than  half  the  mercury 
will  be  converted  into  amalgam  by  the  evening. 

The  following  or  third  day  after  incorporating,  the  same  work  is 
required,  paying  more  attention  to  the  assays,  and  if  necessary  adding 
more  sulphate  of  copper,  and  by  evening  more  than  three-quarters  of  the 
mercury  will  be  taken  up. 

The  fourth  day,  the  treading,  etc.,  go  on,  and  by  evening  the  mercury 
should  all  be  converted  into  silver  amalgam,  and  should  be  bright  and 
dry,  and  free  from  a  straw-colour  that  indicates  loss.  The  next  morning 
the  bano  or  bath  is  added,  consisting  of  1^  ounces  of  mercury  per  ounce 
of  silver  in  the  cake,  which  collects  the  fine  amalgam. 

This  has  to  be  done  quickly,  and  the  washing  of  the  pulp  follows 
immediately.  The  amalgamd,  is  coUecte  pressed,  retorted,  and  the  bulhon 
in  due  course  melted  down. 

This  treatment  extracts  that  portion  of  the  silver  which  cannot  be 
concentrated,  and  it  is  found  easy  to  concentrate  the  remainder  on 
vanners,  or  other  machines,  obtaining,  if  necessary,  two  grades,  the  first 
assaying  1,500  ounces  or  over  per  ton,  and  the  second  40  to  60  ounces. 
The  waste  is  then  too  poor  to  treat  further. 

These  trials  were  made  with  an  average  temperatm'e  of  70  degs.  Fahr. 
in  the  shade. 
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The  loss  of  mercury,  including  the  consumido  and  mechanical  loss 
is  said  to  be  about  18  ounces  for  every  16  ounces  of  silver,  as  compared 
with  22  to  24  ounces  lost  in  the  ordinary  patio.  The  gold  is  collected, 
if  present,  partly  in  the  amalgam  and  partly  in  the  high-grade  concen- 
trates. The  cost  of  working  a  ton  of  ore  assaying  50  dollars  is  estimated 
at  £1  5s.  lOd.,  extracting  85  per  cent,  of  the  silver. 

The  Fo]srDO  and  Tina  Processes. 

In  South  America,  the  patio  process  seems  to  have  been  used  up  to 
about  1830,  when,  in  consequence  of  the  large  quantities  of  negros  or 
sulphide  ores,  which  began  to  be  found  there,  it  was  superseded  by  the 
fondo  or  calderon  method,  with  variations  known  as  the  tina,  Francke- 
tina,  etc.*  The  original  fondo  process  was  invented,  it  is  beheved,  in 
Chili,  in  the  year  1609,  by  a  priest,  Albaro  Alonzo  Barba,t  ^^^d  was  used 
for  rich  surface- ores,  chlorides,  bromides,  and  oxides,  which,  if  not  rich 
enough,  required  to  be  concentrated  in  the  planilla,  but  it  was  on  the 
whole  a  very  slow  process. 

The  tina  process  in  a  modified  form  J  is  applicable  to  all  ores  of 
silver  except  argentiferous  sulphides  of  copper,  galena,  or  blende,  and  to 
ores  which  contain  more  than  1  per  cent,  of  free  arsenic,  which  causes 
great  losses  of  mercury.  The  inventor  is  not  known,  but  it  has  been  in 
constant  use  about  Copiapo  since  1862. 

Prof.  Egleston  §  says  of  it : — "  The  whole  operation  is  very  simple, 
quicker  with  much  less  loss  than  the  barrel,  more  certain  in  its  reactions 
than  the  patio,  and  is  applicable  to  almost  all  the  ores  found  in  Chili.  It 
is  even  cheaper  under  some  circumstances  than  the  lead-fusion." 

The  cost  of  treating  a  ton  of  £8  tis.  8d.  ore,  not  including  interest 
on  sinking  fund,  working  8  tons  a  day,  is  about  £1  8s.  7^d. 

The  process  now  used  in  Bolivia,  a  modification  of  the  tina  and  fondo 
processes,  seems  to  be  an  advance  on  the  former  methods,  as  it  includes 
many  of  the  best  points  of  the  tina  and  pan  processes,  and  may  be  used 
for  base  as  well  as  docile  ores  of  a  great  variety  of  yield. 

It  is  closely  related  to  the  Francke-tina  method,  which  has  been 
described  by  Mr.  Edgar  P.   Rathbone  ||  and  Mr.  Arthur  F.  W'endt.  IT 

Mr.  Wendt  says  of  the  Bolivian  method,  "  That  large  losses  of  silver 
were  experienced  through  volatilization  when  the  ore  was  roasted  with 

*  Egleston,  Metnlhirgy  of  Silver,  page  312. 

t  Percy,  Metallurgy  of  Gold  and  Silver,  part  I.,  page  (I5(i.  . 

X  Revue  Universclle  des  Mines;  series  1.  vol.  xxxi.,  page  493. 

§  Metallurgy  of  Silrer,  page  323. 

II  Proc.  Inst.  Mech.  Eng.,  1884,  page  2o7. 

•[  Trans.  Am.  Imt.  Min.  Eng.,  vol.  xix.,  page  74. 
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salt  in  rerolvino:  mechanical  furnaces,  and  these  could  only  be  obviated 
by  an  oxidizing  roasting  in  reverberatories  (following  lump  roasting  in 
kilns),  adding  the  salt  after  complete  oxidation  has  taken  place." 

The  extraction  remains  practically  the  same,  whether  the  chloridiza- 
tion  of  the  ores  is  20  or  90  per  cent.  This  is  so  entirely  different  from 
the  generally  conceived  notion  of  silver-milling  in  the  United  States  that 
too  much  emphasis  cannot  be  laid  on  this  point. 

All  classes  of  ores  can  be  worked  by  the  process,  not  even  excepting 
galena,  although  the  extraction,  with  the  latter  and  when  blende  is 
present,  is  of  course  reduced.  The  bullion  obtained  is  generally  "900  fine 
or  over,  alloyed  principally  with  copper.  Treating  cnide  ore  which 
carries  75  to  SO  ozs.  th?  tailings  average  about  10  ozs. 

The  use  of  bluestone  in  pan-amalgamation  with  the  object  of  produc- 
ing a  sub-chloride  of  copper,  which  is  an  active  agent  in  the  pan  process, 
has  been  commented  upon  before,  but  when  an  iron  pan  is  used  this  sub- 
chloride  is  being  constantly  destroyed.  When  a  copper  or  bronze  vessel, 
however  (like  the  tina),  is  used,  the  sub-chloride  is,  on  the  other  hand, 
being  const-^ntly  regenerated,  and  tliis  is  the  essential  difference  between 
the  two  methods,  although  of  course  the  same  results  can  be  obtained  at 
the  expense  of  extra  bluestone  in  the  pan  in  dealing  with  base  ores. 

The  choice  between  the  tina  and  the  iron  pan  process  must,  therefore, 
Mr.  "Wendt  thinks,  depend  on  the  relative  price  of  sulphate  of  copper  and 
iron-castings  as  compared  with  copper,  to  which  must  be  added  the  extra 
refining  charges,  carriage,  etc.,  on  more  or  less  coppery  bullion. 

The  cost  at  the  Real  Ingenio  Potosi  is  stated  to  be  90  Bolivians  (£-t 
13s.  9d.)  per  cajon  of  5,000  lbs.,  or  about  £1  17s.  6d.  per  ton,  treating 
8  tons  per  day,  but  this  is,  of  course,  no  criterion  of  what  could  be  done 
with  cheaper  freight  and  better  labour  in  works  of  large  capacity. 

The  process  gives  an  extraction  of  80  to  85  per  cent,  in  Bolivia,  and 
probably  on  rich  chloride  ores  like  those  of  Caracoles  (worked  by  the 
Kroehnke  process)  it  would  yield  returns  running  up  to  92  to  96  per  cent., 
as  the  extraction  on  roasted  ores  averages  90  per  cent. 

The  Leaching  or  Lixiviatiox  Process. 

This  process  consists  in  fii-st  roasting  the  ore  with  salt  to  convert  the 
silver  into  chloride,  then  dissolving  the  chloride  of  silver  in  a  solution  of 
hyposulphite  of  soda  and  precipitating  it  with  sulphide  of  lime  or  soda 
(as  a  sulphide  of  silver)  and  refining  this  latter  product.  The  Russel 
process  is  a  modification  of  this,  consisting  in  the  use  of  what  is  known 
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as  extra  solution  (pi'epared  bj  adding  a  certain  percentage  of  sulphate  of 
copper  to  the  ordinary  hyposulphite  solution)  after  the  ordinary  solution 
has  extracted  all  the  silver  it  will  take  out. 

Lower  cost  of  plant  and  in  some  cases  less  expense  in  treatment  are 
advantages  which  are  claimed  for  leaching  treatment,  but  against  these 
must  be  set  the  difficulty  of  obtaining  men  with  practical  experience  and 
chemical  knowledge  necessary  to  conduct  the  process,  and  the  fact  that 
the  reactions  involved  are  often  obscure,  and  sudden  disturbances  in 
working,  may  be  introduced  by  changes  in  the  character  of  the  ore. 

Since  lixiviation  was  introduced  into  Mexico  by  Mr.  Ottokar  Hofmann, 
in  1868,  it  has  become  extensively  used,  and  has  risen  to  a  position  of 
importance  in  some  parts  of  America  for  the  treatment  of  refractory 
silver  ores.  All  silver  ores  are  capable  of  being  treated  by  it  with  a 
certain  amount  of  success,  except  those  which  contain  so  much  lead  that 
they  are  classed  as  smelting  ore,  or  which  on  account  of  a  clayey-calcareous 
or  talcose  gangue,  do  not  permit  of  free  filtration.  This  latter  objection 
can,  however,  be  overcome,  if  other  circumstances  admit  of  it,  by  a  previous 
slight  concentration.  The  ore  must  first  be  pulverized  to  fit  it  for  the 
process,  and  though  this  is  purely  a  mechanical  oi)eration  it  does  not 
follow  that  the  machine  which  will  crush  the  largest  amount  of  ore  at  the 
least  cost  is  necessarily  the  best  to  select.  One  has  to  consider  as  well  in 
this  connexion,  the  physical  condition  in  which  the  ore  leaves  the 
machine,  as  on  this  depends  to  a  great  extent  a  most  important  part  of  the 
process — the  roasting.  Ores  which  contain  a  considerable  amount  of 
argentiferous  galena  or  zinc-blende  require  to  be  pulverized  very  fine  in 
order  to  ensure  a  satisfactory  chlorination,  while  a  coarser  pyritic-pulp 
(whether  consisting  of  iron  or  copper  pyrites)  will  chloridize  well.  In 
selecting  machinery  for  the  purpose  attention  must  therefore  be  paid  (as 
in  every  other  process)  to  the  nature  of  the  ore. 

The  choice  of  crushing  machinery,  for  an  ore  requiring  leaching,  lies 
mainly  between  rolls  and  stamps.  The  former  produce  a  much  more 
uniform  grain  than  the  latter  (the  ore  and  gangue-particles  being  of 
more  even  sizej,  which  is  of  distinct  advantage  for  concentration,  but 
may  be  the  exact  opposite  for  roasting.  The  most  suitable  condition  of 
the  pulp  for  roasting  in  dealing  with  ore  of  the  kind  described,  is,  in 
fact,  a  mixture  of  fine  ore-particles  in  a  coarse  gangue,  a  condition  of 
pulp  which  is  promoted  by  dry-crushing  with  stamps.  This  is  explained 
by  the  fact  that  the  ore,  as  a  rule,  having  a  higher  specific  gravity  than 
the  gangue  cannot  so  readily  escape  comminution  as  the  lighter  particles 
of  rock,  and  is  only  discharged  from  the  screen  when  reduced  to  a  condi- 
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tion  of  comparatively  fine  pulp,  while  the  lighter  gangue  is  expelled  when 
much  coarser. 

Roasting. 

In  roasting,  the  ore  undergoes  a  chemical  decomposition,  and  this 
can  frequently  be  better  accomplished  if  the  ore-particles  are  of  fine  size. 
The  fine  condition  of  the  pulp  does  not  seriously  interfere  with  the 
subsequent  lixiviation,  because  most  ore  after  a  chloridizing-roasting 
(chlorination)  becomes  sandy,  and  will  filter  freely  if  the  gangue  is  not  of 
a  clayey  nature.  In  order  to  convert  the  silver  into  chloride,  as  before 
mentioned,  the  ore  must  be  roasted  with  salt ;  and  to  roast  success- 
fully, a  sufficient  percentage  of  sulphides  must  be  present,  as  they 
produce  by  their  decomposition  sulphuric  acid  (which  acts  on  the  salt  and 
liberates  the  chlorine  necessary  for  the  formation  of  silver  chloride).  The 
base  metals  in  the  ore  are  converted  into  oxides,  chlorides,  and  sulphates. 
The  requisite  amount  of  salt  (depending  on  the  character  of  the  ore) 
varies  from  4  to  1  o  per  cent.  The  salt  is  either  added  to  the  ore  before 
it  enters  th3  furnace,  or  after  it  has  reached  a  certain  stage  of  oxidizing- 
roasting.  The  selection  of  the  proper  roasting-furuace  to  employ  is  a 
matter  of  great  importance :  this  was  proved  by  ]\Ir.  Hofmann  in  ^Mexico, 
in  experiments  made  on  the  San  Francisco  del  Oro  ore,  in  1888. 

It  is  to  be  remarked  in  favour  of  the  Stetefeldt  roasting  furnace  that 
it  requires  less  salt  than  any  other  for  chloridizing-roasting  sUver  ores :  the 
decomposition  of  the  salt  is  very  perfect,  the  chlorine  and  chloridizing 
gases  emanating  from  the  roasted  ore  at  the  bottom  of  the  shaft,  acting 
on  the  falling  ore.  Ores  which  are  free  from  lime  and  magnesia,  can  be 
chloridized  in  this  furnace  with  a  minimum  of  salt,  and  it  seems  to  be 
specially  adapted  to  roasting  ores  containing  copper.  Mr.  Aaron  states 
that  at  the  Surprise  Valley  mill,  California,  an  average  chlorination  of  92 
to  93  percent,  was  obtained  during  a  nine  months'  run,  roasting  silver  ores 
of  £15  12s.  6d.  assay  value,  with  only  2^  to  3  per  cent,  of  salt.  Generally, 
5  to  8  per  cent,  of  salt  is  required  in  the  Stetefeldt  furnace,  if  the  ore 
carries  lime  and  magnesia  or  a  larger  percentage  of  base  sulphides.  The 
chlorination  varies  with  the  character  of  the  ore,  and  the  attention  mth 
which  the  furnace  is  managed;  results  as  high  as  97  per  cent,  have 
been  obtained,  while  they  generally  range  from  87  to  93  per  cent.  Ores 
free  from  sulphur,  or  with  only  a  slight  percentage,  should  be  mixed 
with  1  or  2  per  cent,  of  iron  pyrites,  otherwise  the  salt  cannot  be  decom- 
posed. Oxidized  ores  carrying  peroxides  of  manganese  and  iron,  which 
give  off  oxygen,  can  be  successfully  chloridized  by  themselves.  The  best 
results  are  obtained  by  mixing  oxidized  with  sulphide  ores,  more  parti- 
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culai'ly  if  the  former  contain  peroxide  of  manganese.  The  presence  of 
copper  is  very  favourable  for  the  chlorination  of  the  silver,  and  if  the  ore 
is  of  such  a  character  that  it  will  bear  a  high  heat  without  sintering,  the 
chloride  of  copper  formed  in  the  upper  part  of  the  shaft  can  be  almost 
eutu'ely  decomposed,  and  very  fine  bullion  produced  by  amalgamation. 
At  the  Surprise  Yalley  mill,  for  example,  the  ore  roasted  at  a  low  tem- 
perature gave  Imllion  only  300  to  400  fine  by  amalgamation,  the  base 
metal  being  copper.  By  roasting  at  a  high  temperature  the  bullion  was 
almost  freed  from  copper,  its  average  fineness  being  980,  running  for  nine 
months.  All  antimonial  ores  are  chloridized  with  great  facility,  and 
with  a  good  system  of  dust-chambers,  the  loss  of  silver  by  roasting  is 
hardly  perceptible.  The  same  is  the  case  with  zinc-blende.  In  roasting 
ores  entirely  free  from,  or  with  a  small  percentage  of,  sulphides,  the 
want  of  sulphuric  acid  must,  as  before  remarked,  be  remedied  by  adding 
another  substance.  A  cheap  substitute  for  pyrites  is  found  in  green 
vitriol  (sulphate  of  iron)  of  which  1^  to  3  per  cent,  is  added  when  8  to  10 
per  cent,  of  stilt  is  used.  The  copper  is  first  calcined  to  drive  off  its  water 
of  crystaUization  by  a  gentle  heat,  and  the  above  percentage  of  the  calcined 
material  is  taken.  The  sulphate  then  acts  on  the  salt  as  if  it  were  created 
in  roasting  ;  copperas  may  also  be  added  to  arsenical  ores  free  from 
sulphurets.  If  there  is  a  great  deal  of  lime  in  the  ore,  it  takes  up 
sulphuric  acid,  forming  sulphate  of  lime,  which  remains  undecomposed  ; 
ores  containing  lime  require,  therefore,  a  larger  proportion  of  copperas  or 
iron  pyrites,  sufficient  to  transform  all  the  lime  into  sulphate.  At  the 
same  time,  lime  assists  in  decomposing  the  base  metal  chlorides  in  roast- 
ing (5  to  G  per  cent,  being  sometimes  added  to  base  ores  in  a  pulverized 
condition),  whilst  it  does  not  attack  the  silver  chloride  ;  but  too  much 
must  not  be  added  if  the  ore  is  to  be  amalgamated  afterwards.  The  lime 
should  be  added  towards  the  end  of  the  roasting,  introducing  2  per  cent, 
to  commence  with,  and  well  mixing  it  with  the  ore. 

Usually,  ores  containing  not  more  than  8  per  cent,  of  sulphur  roast 
well  in  the  Stetefeldt  furnace,  but  in  operating  on  the  San  Francisco  del 
Oro  ore  the  results  turned  out  unsatisfactory.  This  ore  contained  2o*5 
per  cent,  of  zinc,  11  "56  per  cent,  of  lead,  and  21  per  cent,  of  sulphur,  and 
proved  too  refractory  for  the  Stetefeldt  process.  The  ore  (when  sifted  into 
the  furnace)  created  by  the  sudden  combustion  of  the  sulphides  an  ex- 
tremely high  temperature  in  the  upper  portion  of  the  shaft,  which  caused 
the  suspended  ore-particles  to  slag  to  globules  (a  coating  of  silicates  being 
fonned  immediately  around  them),  which  prevented  their  further  oxidation 
and  chlorination.    An  analysis  showed  that  8'48  per  cent,  of  the  sulphur,  in 

vot.  XLii.-i8;i2-93.  24 
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fact,  remained  nnoxidized.  It  was  found  also  that  a  separation  of  the  ore 
took  place  in  the  furnace,  the  shaft  receiving  the  portion  canying  most  of 
the  lead,  while  the  lighter  portion,  containing  most  of  the  iron  pyrites,  was 
earned  over  into  the  descending-flue,  where,  owing  to  this  circumstance, 
combined  with  the  high  temperature,  that  particular  portion  of  it  was  better 
chloridized  than  the  bulk  which  passed  through  the  shaft.  An  excess  of 
salt  lowered  the  chlorination,  and  12  per  cent,  was  found  to  give  the  best 
results  (60*8  per  cent,  chlorination)  in  the  descending-flue.  Another  bad 
feature  was  the  formation  of  lumps  and  cmsts  in  the  upper  region  of  the 
shaft,  and  choked  the  lower  side  of  the  feeding-screen. 

An  ore  of  the  class  operated  upon  requires  to  be  submitted  to  a  long 
and  gradually  increasing  temperature  before  the  salt  is  added  ;  and  as  the 
principle  of  the  Stetefeldt  furnace  is  just  the  reverse  of  this,  the  results 
could  not  but  be  unsatisfactory.  Heavily  sulphide  ores,  especially  if  they 
carry  zinc,  require  more  draught  in  roasting  than  lighter  sulphide  ores  ; 
and  this  is  particularly  the  case  when  they  are  exposed  for  such  a  short 
time,  as  in  the  Stetefeldt  furnace,  to  the  action  of  air  and  heat.  Mr. 
Hofmann's  experiments  in  roasting  the  ore  of  the  San  Francisco  del  Oro 
mine  in  a  Stetefeldt  furaace  go  to  show  : — 

1.  An  incomplete  oxidation  of  the  sulphide  minerals,  the  main 

portion  of  the  ore  still  containing  8 '48  per  cent,  nnoxidized 
sulphur  when  roasted  with  salt,  and  7' 6  per  cent,  when  roasted 
Avithout  salt. 

2.  An  insufficient  chlorination  of  the  silver.    The  highest  chlorina- 

tion of  the  ore  in  the  shaft  was  only  16*9  per  cent.,  and  as  62'5 
per  cent,  of  the  whole  volume  dropped  into  the  shaft,  the  some- 
what higher  results  obtained  in  the  descending-flue  could  not 
much  improve  the  average. 

3.  That  the  principle  of  the  Stetefeldt  furnace  is  contrary  to  the  con- 

ditions, the  maintenance  of  which  are  so  essential  to  roasting 
ores  containing  much  zinc  blende  and  galena. 
■4.  That,  on  acount  of  the  sudden  exposure  of  the  raw  ore-particles 
to  such  a  high  temperature,  they  melt  to  minute  globules,  which 
make  the  ore  unfit  for  further  treatment. 

5.  That  a  concentration  of  the  lead  minerals   takes  place  in  the 

shaft,  which  is  disadvantageous. 

6.  That  about  25  per  cent,  of  the  ore,  when  passing  through  the 

furnace,  is  changed  into  hard  lumps  of  almost  raw  ore. 

7.  That  the  lower  side  of  the  feed-screen  becomes  rapidly  encrusted 

and  the  holes  obstructed,  requiring  frequent  changes  of  screens. 
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The  ore  after  passing  through  the  shaft  of  the  furnace  had  a  dark, 
ahnost  black  colour,  and  continued  to  emit  volumes  of  sulphurous  acid  gas 
when  discharged,  and  for  some  days  after,  but  no  chlorine.  Mr.  Hofmann 
next  tried  re-roasting  the  partly  roasted  ore  from  the  Stetefeldt  in  a 
modified  Howell  furnace.  Having  previously  ascertained  that  this  ore 
contained  only  1'3  per  cent,  of  salt,  6  to  8  per  cent,  more  was  added,  and 
the  feed  regulated  so  as  to  put  through  from  5  to  9  tons  per  24  hours. 
The  average  of  thirty-three  charges  worked  thus  gave  : — av^erage  of 
re-roasted  ore,  31*42  ounces  of  silver  per  ton  ;  average  of  leach -tailings, 
17*55  ounces  per  ton  ;  average  of  chlorination,  44*2  per  cent. 

It  is  a  point  to  note  that  the  consumption  of  wood  in  re-roasting 
proved  to  be  much  greater  than  in  roasting  raw  ore.  This  is  accounted 
for  by  the  main  portion  of  the  sulphur,  combined  with  the  pp'ites,  having 
been  burnt  off  in  the  Stetefeldt  furnace.  During  the  second  roasting,  the 
furnace  was  deprived  of  the  heat  of  combustion  derived  from  this  source, 
so  that  additional  extraneous  artificial  heat  had  to  be  furnished.  To 
re-roast  in  this  manner  8*3  tons,  it  took  26  cargas  of  wood  (12  cargas 
=  1  cord),  while  it  took  only  16  cargas  to  roast  10  to  11  tons  of  raw 
ore.  The  roasting  capacity  of  the  furnace  was  also  diminished.  By 
dumping  the  red-hot  ore  from  the  Stetefeldt  direct  into  a  reverberatory 
hearth,  the  extra  consumption  of  wood  during  the  finishing  roasting  could 
doubtless  have  been  materially  lessened ;  but  what  made  this  plan  imprac- 
ticable was  the  change  the  ore  underwent  in  passing  through  the  Stetefeldt 
furnace,  which  interfered  with  attempts  to  obtain  a  high  chlorination 
result  afterwards. 

The  re-roasted  ore  was  of  a  red-brown  colour,  smelled  of  chlorine  and 
did  not  emit  any  sulphurous  acid  gas,  but  it  still  consisted  principally  of 
the  little  globules,  of  which  mention  has  been  made,  (piite  a  large  number 
of  which  remained  black,  no  matter  how  long  the  ore  was  kept  in  the 
furnace.  Some  were  magnetic,  but  the  majority  were  not.  Between  the 
fingers,  the  re-roasted  pulp  felt  sharp,  like  powdered  glass.  The  tempera- 
ture was  kept  at  a  proper  degree,  and  there  was  an  abundant  draught,  the 
dust-chambers  and  furnace  haviug  been  previously  cleared.  Still  it  was 
impossible  to  obtain  more  than  44*2  per  cent,  of  chlorination,  owing 
undoubtedly  to  the  silicates  formed  during  the  roasting  in  the  Stetefeldt 
furnace.  A  jet  of  steam*  introduced  into  the  reverberatory  hearth 
attached  to  the  modified  Howell  furnace  considerably  improved  the 
results,  but  still  did  not  give  sufficient  satisfaction. 

*  The  introduction  of  steam  through  the  biitlge  of  the  funiuce  generally  increases 
the  fuel  consumption. 
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The  average  of  thirteen  charges  showed: — average  of  re-roasted  ore, 
31'0  ounces  per  ton  ;  average  of  leach-tailings,  10"37  ounces  per  ton ;  aver- 
age of  chlorination,  66'G  per  cent.  The  ore  still  contained  a  considerable 
number  of  globules,  but  they  had  changed  their  colour  to  red-brown,  and 
between  the  fingers  the  ore  felt  soft  and  not  so  sharp  and  glassy  as  when 
roasted  without  steam.  The  Howell  furnace  alluded  to  above  was  not  a 
regular  Howell,  but  consisted  of  a  revolving  cylinder  of  uniform  diameter 
with  a  shell  of  boiler-plate  lined  with  bricks  throughout  its  length  (the 
principle  on  which  it  works  is  identical,  however,  with  the  Howell  furnace), 
and  had  a  reverberatory  hearth  in  front,  attached  at  the  end. 

The  Howell,  like  the  Stetefeldt  furnace,  requires  the  salt  to  be  mixed 
with  the  ore  before  entering  the  furnace.  With  some  ores  this  is 
immaterial,  but  it  is  a  matter  of  the  greatest  importance  for  the  del  Oro 
ore.  H  the  salt  is  j)reviously  added  the  ore  becomes  sticky,  encrusts  the 
furnace  rapidly,  and  leaves  the  fm'nace  mostly  in  lumps  imperfectly 
chloridized.  H'  the  ore  is  cliarged  without  salt  it  remains  dry  and  sandy, 
but  a  very  annoying  separation  takes  j^lace.  The  line  particles  are  carried 
by  tlie  draught  into  the  dust  chambers,  and  only  the  coarse  sand  passes 
through  the  furnace  without  being  sufficiently  desulphidized.  If,  then, 
salt  be  added  in  the  drop-pit,  only  a  small  percentage  of  silver  becomes 
chloridized.  The  l)est  results  gave  only  29  per  cent,  of  chlorination.  In 
order  to  diminish  the  separation,  2  per  cent,  of  salt  was  added  to  the  ore 
in  the  battery.  This  small  percentage  of  salt  made  the  ore  sticky  enough 
to  diminish  considerably  the  dusting,  Avithout  causing  the  formation  of 
lumps  or  too  heavy  encrustations. 

By  this  method,  the  chlorination  improved  considerably,  the  average  of 
three  days'  run  being  G7  per  cent.,  but  Mr.  Hofmauu  convinced  himself 
notwithstanding,  that  the  Howell  furnace,  as  such,  could  not  roast  the  del 
Oro  ore.  The  results  3vere  not  sufficiently  uniform  and  reliable ;  and 
though  the  roasted  ore  was  left  in  a  good  condition,  the  average  could  not 
be  brought  above  67  per  cent.  An  alteration  being  apparently  required, 
which  would  give  the  ore  more  roasting  time  and  allow  of  a  better  regula- 
tion of  the  temperature,  Mr.  Hofmann  made  the  following  changes.  In 
front  of  the  furnace,  he  constructed  a  shallow  drop-jdt  and  a  fireplace,  and 
on  one  side  of  the  drop-pit,  communicating  with  it,  he  built  a  small  rever- 
beratory hearth,  6  feet  by  8  feet,  the  bottom  of  both  being  on  the  same  level. 

The  reverberatory  hearth  contained  one  working-door  and  a  24  inches 
fireplace.  When  enough  ore  had  accumulated  in  the  pit  to  make  a  charge 
for  the  reverberatory  hearth,  it  was  pushed  in  with  a  hoe,  each  charge 
consisting  of  about  l,4o0  lbs.     When  starting  the  furnace,  a  strong  fire 
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was  kept  up  in  both  fireplaces,  but  after  the  process  was  in  operation  the 
fire  in  front  of  the  cyUnder  was  much  lowered  ;  in  fact  so  much  so,  that 
half  the  grate  bars  remained  bare  of  wood.  Only  now  and  then  a  thin 
stick  of  wood  was  added,  just  enough  to  prevent  the  drop-pit  getting 
chilled.     Two  per  cent,  of  salt  was  added  to  the  ore  in  the  battery. 

If  the  roasting  be  properly  conducted,  the  blue  flame  of  the  ignited 
pyrites  can  be  observed  in  the  back  part  of  the  cylinder.  Next  to  it,  and 
reaching  beyond  the  middle  of  the  cylinder,  the  ore  assumes  a  higher 
temperature,  forming  a  belt  of  bright  red  heat.  The  part  of  the  furnace 
next  the  fire  (nearly  one-third  of  the  whole  length)  should  look  dark.  The 
furnace  is  mostly  heated  by  the  combustion  of  the  sulphides,  and  receives 
but  little  supply  from  the  fireplace  and  reverberatory  hearth  ;  in  fact  the 
ore  in  the  cylinder  should  be  left  as  much  as  possible  to  roast  in  its  own 
heat.  This  is  a  very  important  condition  to  maintain,  the  object  being  to 
convert  as  much  as  possible  of  the  galena  and  zinc-blende  into  sulphates 
and  oxides  before  generating  chlorine,  and  to  avoid  until  then  as  much 
as  possible  the  decomposition  of  the  iron-salts.  This  can  only  be  done 
by  maintaining  a  low  heat  after  the  combustion  of  the  pyrites. 

An  excess  of  heat  is  invariably  connected  with  an  excessive  loss  of 
silver  by  volatilization  and  by  a  low  chlorination.  Galena  and  zinc-blende 
roast  quicker  and  better  in  a  low  than  a  high  temperature.  When  the 
ore  leaves  the  cylinder  and  drops  into  the  pit,  it  should  be  of  a  dull  red 
heat,  while  the  colour  after  cooling  should  be  dark  yellow-brown.  If 
the  temperature  be  so  kept,  neither  the  odour  of  chlorine  nor  much  of 
sulphurous  acid  can  be  detected.  At  an  increased  heat,  sulphurous  acid 
is  again  evolved  strongly,  showing  that  the  oxidation  is  not  yet  completed. 
As  the  temperature  in  the  cylinder  is  mostly  produced  by  the  combustion 
of  the  sulphides,  the  chief  means  of  regulating  the  same  is  the  feed.  If 
too  much  ore  enters  the  furnace,  the  belt  of  bright  red  heat  increases, 
advancing  more  and  more  towards  the  front,  and  finally  the  whole 
furnace  assumes  this  temperature.  The  ore  dropping  into  the  pit  is  very 
hot,  emits  heavy  fumes  and  overheats  the  pit.  If  it  be  then  removed  into 
the  reverberatory  hearth,  it  takes  a  very  long  time  to  finish,  necessitating 
an  interruption  in  the  feed  of  the  cylinder. 

On  the  other  hand,  if  insufficient  ore  be  charged,  the  belt  of  bright  red 
heat  gets  smaller  and  moves  towards  the  back  end  of  the  furnace.  When 
the  properly-prepared  ore  enters  the  reverberatory  hearth,  the  salt  is  added 
and  the  temperature  increased.  It  commences  to  fume,  and  swells  without 
forming  more  lumps  than  an  ordinary  ore.  In  the  beginnmg,  strong 
fumes  of  sulphurous  acid  are  emitted,  but  soon  cease  and  chlorine  appears. 
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The  charge  is  finished  if  the  fumes  assume  a  mild  and  sweetish  smell 
of  chlorine ;  as  long  as  they  smell  strong,  roasting  must  be  continued. 

Mr.  Hofmanu  made  a  series  of  experiments  to  ascertain  the  smallest 
amount  of  salt  practicable,  and  found  that  4,  6,  8,  and  10  per  cent,  gave 
about  equal  results  ;  12  per  cent,  commenced  to  make  the  ore  too  sticky 
and  produces  less  chloriuatiou;  3  per  cent,  was  sufficient  if  the  roasting  were 
very  carefully  conducted,  but  then  only  1  per  cent,  had  to  be  added  in  the 
battery  and  2  per  cent,  in  the  furnace  ;  4  per  cent.,  however,  was  safer,  for 
then  the  result  did  not  depend  so  much  on  the  skill  and  goodwill  of  the 
labourer.  The  roasting  capacity  of  the  furnace  pro^■ed  much  less  for 
the  del  Oro  than  for  ordinary  ore.  The  cylinder  was  only  24  feet  long, 
which  could  not  roast  more  than  8g  tons  per  24  hours  ;  but  even  with  a 
32  feet  cylinder,  Mr.  Hofmann  states  he  did  not  expect  to  roast  more 
than  12  tons  per  day. 

Each  charge  had  to  remain  2  hours  on  the  reverberatory  hearth. 
Though  the  ore  was  roasted  in  the  reverberatory  hearth  at  a  somewhat 
increased  heat,  it  could  not  be  raised  beyond  dull  red  without  losing  too 
much  silver  by  volatilization. 

If  the  silver-bearing  minerals  of  an  ore  be  not  of  great  density  and 
decrepitate  in  the  heat,  the  ore  can  be  crushed  coarse  without  endangering 
the  subsequent  roasting,  but  if  the  principal  silver-bearing  mineral,  like 
the  zinc-blende  in  the  del  Oro  ore,  be  of  great  density  and  does  not 
decrepitate,  it  is  of  the  greatest  imj)ortance  to  crash  fine. 

A  series  of  experiments  was  made  by  Mr.  Hofmann  with  ore  crushed 
through  No.  20  and  No.  40  screens.  He  found  that  the  ore  crushed 
through  No.  20,  required  a  much  longer  time  and  was  27  per  cent,  less 
chloridized  than  the  ore  crushed  through  No.  40  screen.  The  material 
which  passes  through  a  battery-screen  of  a  certain  number,  is  much  finer 
than  the  size  of  the  meshes.  Heavy  ore  makes  a  much  finer  pulp 
through  the  same  screen  than  lighter  ore.  The  pulp  of  the  del  Oro  ore 
obtained  by  crushing  through  battery-screens  Nos.  20  and  40,  when 
sieved  through  sieves  of  different  fineness,  showed  the  following 
results : — 


Batterj-  Pulp 

when  Siftel 

through  Sieve. 

No. 

Crushed  through 
Battery  Screen 

Ko.  20.  Percent- 
age of  Material 

passing  through 
the  Sieve. 

Crushed  through 
Battery  Screen 

No.  40.    Percent- 
age of  Material 

passing  through 
the  Sieve. 

Crushed  through 
Battery  Screen 
No.  20.    Percent- 
age of  Material 
remaining  on 
the  Sieve. 

Crushed  through 
Battery  Screen 
No.  40.     Percent- 
age of  Materia 
remaining  on 
the  Sieve. 

30 

93-8 

100 

6-2 

0-0 

40 

87-3 

100 

12-7 

0-0 

60 

78-8 

98-95 

21-2 

1-05 

80 

71-2 

93-80 

28-7 

6-20 

90 

67-1 

90-50 

32-9 

9-50 
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These  figures  show  how  exceedingly  fine  a  heavy  ore  is  crushed  (dry)  in  a 
battery,  even  through  a  screen  with  comparatively  coarse  meshes.  Though 
67' 1  per  cent,  of  the  material  crushed  through  screen  No.  20  was  finer 
than  sieve  No.  90,  the  average  chlorination  of  quite  a  number  of  compara- 
tive roast ings  was  27  per  cent,  less  than  that  of  ore  crushed  through  a 
No.  40  screen.     This  indicates  how  essential  it  is  to  crush  such  ores  fine. 

Mr.  Hofmann  found  tiiat  in  order  to  chloridize  the  del  Oro  ore  well, 
it  had  to  be  crushed  through  a  No.  40  battery-screen,  which  furnished 
a  pulp  of  which  only  9^  per  cent,  was  coarser  than  sieve  No.  90.  To 
produce  such  a  fine  pulp  with  rolls,  would  require  such  exceedingly  fine 
screens  that  their  use  would  be  here  impracticable.  The  crushing  capacity 
of  the  battery  was  not  much  diminished  by  using  No.  40  screen  instead  of 
No.  20,  principally  because  the  ore  was  so  heavy. 

For  comparison,  Mr.  Hofmann  ran  5  stamps,  12  hours,  crushing 
through  No.  20,  and  5  stamps  through  No.  40,  jmd  found : — 

No.  Lbs.  of  Pulp. 

20  with  salt  furnished 8,100 

40  with  4  per  cent,  salt  furnished     ...         7,488 

Difference  in  favour  of  No.  20  screen  612  lbs.,  or  7^  per  cent. 

A  very  small  reduction,  if  the  great  advantage  gained  for  roasting  is 
considered.  Some  ores  gain  much  in  chlorination  of  the  silver,  if  left  hot 
in  a  pile  for  several  hours ;  this  is  mostly  the  case  when  an  ore  is 
insufficiently  roasted,  or  when  the  nature  of  an  ore  is  such  as  to  require 
long  roasting  at  low  heat. 

Additional  chlorination  can  be  produced  by  moistening  the  ore  and 
leaving  it  for  several  hours  in  the  pile ;  this  is  usually  the  case  if  the  ore 
contains  copper.  Roasted  ore  containing  caustic  lime  should  not  be  left 
moist  on  the  cooling-floor,  hence  the  del  Oro  ore  could  not  be  wetted  on 
the  cooling-floor  without  decomposing  some  of  the  silver  chloride.  Mr. 
Hofmann  remarks  that  the  most  important  additional  chlorination  takes 
place,  however,  during  base-metal  leaching. 

In  the  Silver  King  ore,  Arizona,  this  additional  chlorination  amounted 
to  nearly  6  per  cent.  .  Mr.  Hofmann  therefore  filled  the  vat  liefore  charging 
about  one-third  with  water  and  dumped  the  ore  hot  into  it,  thus  producing 
a  hot  ibase-metal  solution,  and  made  the  observation  that  by  it  not  only 
the  decomposition  of  the  silver  chloride  was  avoided,  but  that  a  considerable 
increase  in  the  silver  chlorination  took  place,  amounting  in  some 
instances  to  12'9  per  cent.  If  the  original  chlorination  was  75  per  cent. 
or  more  the  increase  was,  however,  much  less.  By  adding  some  cupric 
chloride  to  the  water  in  the  vat  before  dumping  in  the  ore,  badly  roasted 
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charges  gained  as  much  as  34  to  38  per  cent,  (see  charges,  Nos.  0,  15, 
and  16  in  annexed  table).  These  are  very  important  observations,  and 
give  the  operator  a  means  of  coiTecting  badly  roasted  charges. 

The  following  table  is  a  careful  record  of  the  results  obtained  in 
roasting  the  San  Francisco  del  Oro  ore  in  the  Howell  furnace  modified  by 
Mr.  Hofmann,  representing  a  two  weeks'  run.  As  each  tank-charge  con- 
tained the  whole  ore  of  24  hours'  roasting  it  offered  a  good  opportunity  of 
following  each  charge  through  the  process  from  the  condition  of  raw  ore 
to  tailings,  and  of  ascertaining  for  each  the  loss  by  volatilization,  etc. 

Taking  the  average  of  the  results  we  find  the  silver  chlorination  when 
the  ore  left  the  furnace  was  GS'-t  per  cent.;  the  additional  chlorination  was 
13"3  per  cent.:  or  a  total  of  81*7  per  cent.  The  low  average  chlorination 
of  the  ore  when  leaving  the  furnace,  was  caused  by  the  three  badly-roasted 
charges  9,  15,  and  IG.  The  other  eleven  charges  gave  an  average  of 
about  75  per  cent. 

Mr.  Hofmann  remarks — "The  total  or  actual  chlorination  of  81'7  jjer 
cent,  may  seem  to  be  low,  but  if  we  consider  that  the  ore  is  of  low  grade, 
averaging  only  28*85  ounces  per  ton,  and  that  1  per  cent,  represents  only 
0"28  ounce  of  silver,  and  also  consider  that  the  ore  contains  about  37  per 
cent,  of  zinc-blende,  and  13  to  19|  per  cent,  of  galena,  wliich  carry  all 
the  silver,  and  that  the  ore  was  pronounced  as  being  too  refractory  for 
chloridizing-roasting,  we  have  to  count  the  work  done  by  the  modified 
Howell  furnace,  as  very  satisfactory." 

In  order  to  ascertain  the  loss  of  silver  by  volatilization  we  have  first 
to  ascertain  the  loss  in  weight  which  the  ore  sustains  during  roasting. 
This  can  be  done  by  the  muffle  test  described  by  Mr.  Hofmann  in  The 
EiKjineerhvj  and  3[inin>/  Journal,  Xew  York,  of  April  23rd,  1887.*  "Ten 
grammes  of  the  raw  pulp  containing  salt  are  placed  in  a  roasting  dish 
atid  roasted  in  the  muffle  for  half  an  hour  or  an  hour,  then  the  sample 
is  removed  from  the  muffle,  allowed  to  cool,  weighed,  placed  back  in  the 
muffle,  and  roasted  again  for  half  an  hour,  then  weighed  again.  This  is 
repeated  till  two  weighings  are  alike,  or  till  in  the  last  half  hour  of 
roasting,  the  ore  does  not  lose  more  than  2  or  3  milligrames.  The  differ- 
ence between  the  original  weight  and  that  of  the  last  weight  expressed  in 
percentage  gives  the  highest  possible  loss  which  the  raw  ore  can  sustain." 

Ten  grammes  of  a  sample  of  roasted  ore  corresponding  with  the  sample 
of  raw  pulp  are  placed  in  a  roasting  dish,  and  also  roasted  in  the  muffle 
until  two  weighings  agree  or  differ  after  half  an  hour's  additional  roasting 
not  more  than  2  or  3  milligrammes.  The  difference  between  the  first 
weighing  and  the  last  (expressed  in  percentage)  gives  the  weight  which  the 

*  Page  293. 
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roasted  ore  is  still  capable  of  losino;  if  subjected  to  prolonged  roasting. 
If  we  deduct  this  last  loss  from  the  highest  possible  loss,  we  obtaiu  in  per- 
centage the  loss  iu  weight  by  volatilization  which  the  ore  has  suffered 
during  roasting  in  the  furnace. 

Owing  to  a  great  part  of  the  lead  and  zinc  sulphides  being  converted 
into  sulphate,  the  San  Francisco  del  Oro  ores  lose  but  a  small  percentage 
of  their  weight  during  roasting.  The  tests  showed  a  loss  of  2i  to  3^  per 
cent.  "With  these  figures  and  the  assay  value  of  the  raw  and  roasted  ore, 
the  loss  of  silver  by  volatilization  was  calculated.  The  extremes  were  1'7 
and  15*5  per  cent.,  and  the  table  illustrates  how  variable  this  loss  is. 
^Ir.  Hofmann  says  he  found  the  del  Oro  ore  more  sensitively  disposed  for 
such  losses  than  many  others,  even  antimonial  ores.  The  least  increase  of 
temperature  above  dull  red  causes  a  heavy  loss,  even  if  tliis  increase  of 
temperature  lasts  only  for  a  very  short  time.  Two  or  three  thin  sticks  of 
wood  thrown  on  the  fire  before  they  are  needed  may  materially  increase 
the  loss.  The  loss  by  volatilization  is  not  in  direct  proportion  to  the 
percentage  of  chloridized  silver.  In  proof  of  this  Mr.  Hofmann  instances 
the  results  of  roasting  Las  Yedras  ore  at  high  and  low  temperatures  in 
Briickner  fm'uaces  : — 

High  temperature,  averages  of  31  consecutive  working-days,  January 
13th  to  February  ]2ch,  1887. 


Furnace  No.  3. 
Per  Cent. 

Furnace  Xo.  4. 
Per  Cent. 

Average  of  both 
Furn-ices. 
Per  Cent. 

Chlorinatiou    ... 

71-3 

7i-2 

72*7 

Loss  by  volatilization 

18-3 

17-6 

17-9 

Low  temperature,  averages  of  30  consecutive  days,  June  1st  to  July 
1st,  1887. 


Furnace  No.  3. 
Per  Cent. 

Furnace  No.  4. 
Per  Cent. 

Average  of  both 
Furnaces. 
Per  Cent. 

Chloriuation 

81-7 

81-3 

Sl-5 

Loss  by  volatilization 

1-7 

0-7 

1-2 

By  comparing  these  average  results  we  find  an  increase  of     Per  cent, 
chlorinatiou,  iu  fa vom*  of  low  heat,  of  ...         ...  8'8 

A  decrease  of  loss  by  volatilization  caused  by  low  heat       ...         16*7 

Total  increase  of  production      ...         ...         ...         25*5 

The  roasted  ore  contained  only  a  small  percentage  of  lumps,  not  hard, 
but  porous,  which  fall  to  powder  if  kept  in  contact  with  water  for  some 
time.  If  the  ore  be  left  dry  in  a  pile,  it  hardens.  If  left  undisturbed  for 
a  week  or  two,  it  becomes  so  hard  that  a  pick  is  necessary  to  loosen  it.  In 
water,  however,  it  softens  easQy  again.     The  colour  is  usually  red-brown, 
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but  occasioually,  if  the  ore  contain  less  iron  pyrites,  it  is  yellow-brown. 
The  heavy  metals  in  the  Yedras  ore  are  principally  converted  into  sul- 
phates, and  only  a  small  proportion  are  present  as  chlorides. 

The  following  is  an  analysis  of  the  unassorted  ore  after  roasting  with 
5  per  cent,  of  salt : — Gold,  traces  ;  silver,  0*09  per  cent. ;  lead,  9*00  per 
cent.;  iron,  6*00  per  cent.;  zinc,  22*4:0  per  cent.;  caustic  lime,  5*65  per 
cent. ;  antimony,  0'75  per  cent. ;  copper,  0*60  per  cent. ;  cadmium,  0"10 
per  cent. ;  alumina,  3'09  per  cent. ;  caustic  soda,  3'79  per  cent. ;  sulphuric 
acid,  1.3*16  per  cent. ;  chlorine,  0'88  per  cent. ;  soluble  silica,  8'00  per 
cent. ;  and  insoluble  gaugue,  18*61  per  cent. 

Mr.  Hofmann  mentions  an  easy  method  of  removing  crusts  from  con- 
tinuous discharging-furnaces,  which  can  be  done  while  the  furnace  is  in 
operation.  In  the  masonry  at  the  back  an  opening  is  made,  so  located 
that  with  a  long  iron  spade  the  interior  of  the  cylinder  can  be  reached 
just  below  the  feed-pipe.  Through  this  opening,  Ih  dozen  firebricks  are 
introduced  while  the  cylinder  is  revolving,  and  in  moving  slowly  forward 
shove  off  the  crust  clean  down  to  the  Uning.  The  crust  when  hot  is  soft 
and  yields  to  the  weight  of  the  moving  bricks.  It  is  not  necessary  to 
interrupt  the  feeding.  If  bricks  should  be  found  too  light,  heavier,  but 
not  too  large,  pieces  of  castings  may  answer. 

Owing  to  the  large  quantity  of  sulphides  in  the  ore  and  the  very 
low  temperature  at  which  the  del  Oro  has  to  be  roasted,  the  consump- 
tion of  wood  is  very  small.  After  the  furnace  is  heated  and  the  cylinder 
encrusted,  it  takes  hardly  any  fire  in  front  of  the  cylinder  to  maintain 
the  proper  temperature.  In  the  reverberatory  a  little  more  fire  is  needed, 
but  much  less  than  with  ordinary  ores.  Mr.  Hofmann  states  that  he 
weighed  the  wood  during  a  couple  of  weeks,  and  found  the  total  consump- 
tion during  this  period  to  be  220  cargas  (at  300  lbs.).  With  this 
quantity  of  wood  he  roasted  115*8  tons,  and  therefore  used  1*8  cargas  per 
ton.  12  cargas  of  Parral  wood  being  equal  to  1  cord;  if  we  express  the 
consumption  in  cords,  we  find  that  with  1  cord  of  wood  the  furnace 
roasted  6*3  tons  of  ore.  The  cost  of  roasting  in  the  modified  Howell 
furnace  (roasting  8^  tons  per  24  houi-s)  is  as  follows  : — 

Dollars. 

2  head  roasters  at  $1*50       3-00 

4  helpers  at  90  cents            3-60 

•i  per  cent.  salt.  680  lbs.  at  1-27  cents      ...  8-63 

lo"7  cargas  wood  at  75  cents  •           ...         ...  11-77 

Steam-power,  10  cargas  of  wood  at  75  cents  7'50 

Oil,  light,  tools,  etc 2-00 

Management,  office,  mechanic,  assay  office  1"78 

Total         38-28 

And  the  cost  per  ton,  |4:'50,  Mexican  currency. 
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To  ascertain  the  cost  of  steam-power  a  separate  boiler  was  used  for  the 
furnace.  It  is  evident  that  l)y  using  a  boiler  for  only  one  smill  furnace, 
the  expense  per  ton  of  ore  will  be  much  greater  than  if  with  the  same 
boiler  and  engine  several  large  furnaces  are  operated,  but  this  was  the 
only  way  of  getting  an  estimate. 

The  steam  for  working  the  pump  and  preparing  the  calcium  sulphide 
were  supplied  by  the  same  boiler  and  had  to  be  charged  to  roasting.  It  is 
included  in  the  above  statement,  and  will  therefoi'e  not  appear  in  the 
statement  of  cost  of  lixiviation. 

As  the  statement  of  cost  is  made  for  only  8^  tons  per  day,  it  would  be 
misleading  if  the  whole  expense  for  management,  mechanics,  assay  office, 
etc.,  were  charged  to  the  8|  tons,  as  these  expenses  would  remain  the  same 
for  100  tons  a  day — the  intended  capacity  of  the  new  mill.  The  proportion 
chargeable  on  8^  tons,  treating  100  tons  per  day,  has  therefore  been  debited 
to  this  item,  but  as  there  are  three  departments  in  the  mill,  viz.,  stamping, 
roasting,  and  leaching,  each  department  has  to  be  charged  with  one-third 
of  this  expense  ;  1*78  dollars  represent  therefore  one-third  of  the  cost. 

The  figures  contained  in  the  preceding  table  are  the  results  of  experi- 
ments obtained  with  ditferent  treatment  as  regards  salt,  temperature, 
time,  etc.,  and  the  averages  do  not  therefore  represent  the  best  obtainable 
results.  This  is  especially  the  case  in  regard  to  loss  by  volatilization, 
which  should  be  reduced  as  the  men  gain  experience  in  handling  the 
furnaces.  They  were  good  enough,  however,  to  secure  a  profitable 
reduction  of  the  ore,  and  may  be  accepted  as  a  basis  for  calculations  and 
estimates. 

In  order  to  increase  the  roasting  capacity  to  the  stamping  power  of  the 
mill  and  for  the  sake  of  farther  experiments,  Mr.  Hofmann  erected  four 
double-hearth  reverberatory  furnaces  (the  lower  hearth  of  220  square  feet 
sm'face,  and  the  upper  of  210  square  feet  surface)  to  supplement  the 
modified  Howell  furnace. 

Each  double  furnace  took  four  charges  of  1  ton  each  ;  when  one  charge 
was  finished,  all  the  others  were  moved  forward,  and  on  the  first  hearth 
a  new  charge  dropped  through  the  opening  in  the  arch.  From  the  second 
hearth  the  charge  was  dropped  on  the  lower  hearth,  through  an  opening  in 
the  bottom  near  the  working-door.  The  upper  hearth  was  exclusively 
used  for  oxidizing-roasting,  and  4  per  cent,  of  salt  was  added  while 
the  charge  was  dropped  on  to  the  lower  hearth.  Every  2|  to  3  hours  a 
charge  was  done,  and  therefore  each  double  furnace  roasted  from  8  to  10 
tons  per  day,  according  to  the  quantity  of  lead  the  ore  contained.  The 
chlorination  results  were  so  near  those  obtained  in  the  modified  Howell 
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furnace  that  it  is  not  necessary  to  give  details,  but  Mr.  Hofmann  records  the 
observations  he  made  on  a  charge  submitted  to  a  prolonged  oxidizing- 
roastiug.  They  are  too  long  to  be  given  here,  but  will  be  found  fully 
described  in  The  Engineering  and  Mining  Journal,  New  York,  of  February 
23rd,  1889.* 

He  found  that  the  ore  during  oxidizing- roasting  sustained  a  loss  of 
silver  by  volatilization  of  not  less  than  13  per  cent,  (not  taking  into 
calculation  the  loss  in  weight),  and  that  this  loss  principally  occurred 
during  the  seventh  hour,  at  the  time  the  ore  assumed  a  dark  red-brown 
colour. 

Only  a  part  of  the  soluble  silver,  he  concludes,  was  present  as  sulphate, 
viz.,  25"2  per  cent.  Of  the  58*8  per  cent,  which  was  soluble,  33'6  per 
cent,  was  some  other  silver  salt,  not  soluble  in  water,  but  soluble  in  sodium 
hyposulphite,  probably  siher  antimoniate. 

The  revL-rberatory  furnaces  were  built  in  pairs,  two  being  connected 
with  one  main  flue. 

During  four  weeks  the  wood  consumed  by  one  pair  of  these  furnaces 
was  weighed.  In  this  time  507  tons  of  ore  were  roasted  at  a  consumption 
of  (572  cargas  of  wood,  or  1*3  cargas  per  ton.  If  expressed  in  cords, 
we  find  that  one  cord  of  wood  roasted  9  tons  of  ore,  an  extremely  small 
consumption. 

The  cost  of  roasting  in  the  reverbevatory  furnace,  for  two  doulile- 
hearth  furnaces  roasting  18  tons  per  day,  was  as  follows  : — 

Dollars. 

2  head  roasters  at  .$1"50       ...         ...         ...  3-00 

]  6  roasters  at  ,$1-00 Ifi-UO 

2  wood  carriers  and  ore  wheelers  at  'JO  cents  TSU 

2  carmen  for  raw  ore  chargers  at  90  cents  1-80 

23'4  cargas  of  wood  at  75  cents        ...         ...  17"55 

4  per  cent,  salt,  l,4i0  lbs.  at  $1-27            ...  18-28 

Tools,  etc 4-00 

Management,  office,  mechanics,  assays     ...  3"77 

Total         (;i;2U 

And  the  cost  per  ton,  G7  cents,  Mexican  currencj'. 

To  form  an  opinion  as  to  which  roasting-furnace  is  the  most  suitable 
for  an  ore  like  the  San  Francisco  del  Oro,  we  have  to  take  into  considera- 
tion only  the  modified  Howell  and  the  reverberatory  furnaces.  The 
Stetefeldt  furnace  did  not  answer,  and  the  Briickuer  furnace  was  not 
tried,  as  experience  has  shown  that  a  large  Briickuer  furnace  could  not 
roast  more  than  5  or  6  tons  of  such  a  heavy  ore.     Both  the  modified 

*  Page  190, 
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Howell  and  the  reverberatory  furnace  gave  about  the  same  results,  and 
the  loss  by  volatilization  was  also  nearly  the  same.  The  cost,  however, 
was  different,  viz.,  4*50  dollars  per  ton  in  the  former,  and  3*67  dollars 
in  the  latter,  being  a  difference  in  favour  of  the  reverberatory  furnace  of 
83  cents  per  ton. 

This  ought  to  decide ;  still  there  are,  besides  the  merits  of  the  furnace, 
other  circumstances  to  be  taken  into  consideration.  The  reverberatory  fur- 
nace requires  quite  a  number  of  skilled  hands,  and  the  result  depends  much 
more  on  the  skill  and  goodwill  of  the  men,  than  with  the  modified  Howell. 
Mexicans  are,  as  a  rule,  if  properly  handled,  very  good  workmen,  notwith- 
standing that  they  receive  such  moderate  wages,  but  they  like  to  lay  off 
on  Sundays  and  feast  days.  On  such  days  quite  a  number  of  inexperienced 
substitutes  will  be  found  working  at  the  furnaces,  and  the  roastings 
consequently  suffer.  The  main  trouble,  however,  occurs  every  year  in 
spring  and  autumn,  the  time  of  planting  and  harvesting  corn,  when  many 
leave  the  camp,  and  the  mill  is  left  short  of  hands.  For  this  reason  it 
may  be  more  advisable  in  a  large  mill  to  use  the  modified  Howell  furnace, 
notwithstanding  that  the  reverberatory  furnace  works  cheaper  and  creates 
much  less  flue-dust.  The  Howell  furnace  forms  a  great  deal  of  flue-dust, 
which  is  far  from  being  roasted  even  if  the  furnace  be  provided  with  an 
auxiliary  fireplace,  as  in  the  Howell-White  furnace. 

LiXIVIATIOX. 

Base-metal  Leachitifi. — The  roasted  ore  is  moistened  with  water  and 
charged  into  wooden  vats,  in  charges  of  10  to  15  tons,  though  much  largei 
charges  are  sometimes  worked.  The  vats  are  l)est  furnished  with  a  central 
discharge,  around  which  a  filter-bottom  is  arranged  in  the  shape  of  a  very 
flat  funnel.  The  filter-cloth  is  kept  in  place  by  ropes  driven  into  grooves 
around  the  discharge-hole  and  inner  periphery  of  the  tub,  near  the  filter- 
bottom.  The  vat  is  provided  with  an  outlet  under  the  filter,  and  has  a 
slight  inclination  towards  this  point. 

The  charge  of  roastei  ore  is  leached  with  water  to  remove  the  soluble 
base-metal  salts.  Water  does  not  dissolve  silver  chloride,  but  a  concen- 
trated solution  of  base-metal  chlorides  does,  and  it  is  therefore  advisable 
not  to  make  the  leac  liing-vats  too  deep,  as  otherwise  a  too  concentrated 
base-metal  solution  is  produced  by  the  water  in  descending  through  a 
thick  layer  of  ore.  The  base- metal  leaching  is  completed  when  a  few  drops 
of  calcium  polysulphide  poured  into  some  of  the  outflowing  solution  does 
not  produce  a  precipitate.  This  part  of  the  process,  according  to  the 
character  of  the  ore,  takes  4,  8,  or  10  hours. 
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With  the  San  Francisco  del  Oro  ore,  which  filters  well,  the  rate  of 
filtration  during  base-metal  leaching  was  1  inch  in  fi  minutes  or  10  inches 
per  hour.  "With  a  vat  10  feet  2  inches  in  diameter,  representing  a 
filtering  surface  of  81*01  square  feet,  and  a  thickness  of  charge  of  2*4:1 
feet,  the  above  rate  was  equivalent  to  67*24  cubic  feet,  or  504-3  gallons 
per  hour ;  leaching  time,  8  hours  =  4,034*4  gallons ;  2  feet  of  water  in  the 
vat  into  which  the  ore  is  dumped  =  1,215*2  gallons  extra.  Second  wash- 
ing, rate  of  filtration,  8|  inches  per  hour ;  time,  Ij  hours  =  G47*l  gallons. 
Total  for  one  charge  of  8*39  tons,  5,896*7  gallons,  or  703  gallons  for  each 
ton  of  ore.  It  has  been  mentioned  that,  on  account  of  the  roasted  ore  con- 
taining considerable  caustic  lime,  it  was  not  moistened  as  usual  on  the 
cooling-floor  but  dumped  dry  and  hot  into  about  2  feet  of  water  in  the  vat. 
Besides  other  advantages,  this  way  of  charging  shortens  the  base-metal 
leaching  time  by  nearly  an  hour,  without  reducing  the  rate  of  filtration. 
When  the  charge  is  in,  the  water  ought  to  cover  the  ore  about  1  inch. 
Leaching  is  then  commenced  from  below,*  and  the  solution  diluted  above. 
As  soon  as  the  solution  is  allowed  to  flow  out  below,  a  stream  of  clear 
water  has  to  be  turned  on  above  and  continued  for  about  an  hour,  in  order 
to  produce  a  greater  dilution.  Then  the  influx  is  interrupted  until  the 
water  sinks  to  the  level  of  the  ore,  when  water  is  again  allowed  to  flow  in. 
The  base-metal  solution  of  the  del  Oro  ore  shows  an  acid  reaction.  The 
leaching  with  water  is  continued  until  a  few  drops  of  calcium  sulphide 
added  to  the  solution  produces  only  faint  white  clouds.  These  white 
clouds  continue  to  show  for  houre,  and  are  caused  by  the  reaction  of 
calcium  sulphide  and  sodium  sulphate  precipitating  gypsum.  It  takes  a 
long  time  to  leach  alkaline  salts  contained  in  porous  substances,  thus  it 
happens  that  while  all  the  soluble  metal  salts  have  been  dissolved  and 
removed,  the  outflowing  solution  still  contains  and  continues  to  contain 
sodium  sulphate. 

From  a  chemical  standpoint,  it  would  be  advisable  to  continue  leaching 
with  water  till  all  the  sodium  sulphate  is  removed,  but  in  practice  this  would 
delay  the  process  too  much,  and  the  silver  leaching  is  therefore  commenced 
as  soon  as  all  the  heavy  metal  salts  are  removed.  The  sodium  sulphate 
which  still  remains  in  the  ore  after  leaching  with  \vater,  enters  the  stock 
solution  during  the  subsequent  silver  leaching.  This  has  not  a  very 
injurious  effect  if  calcium  sulphide  is  used  as  a  precipitant,  because  sodium 
sulphate  is  decomposed  and  gypsum  precipitated. 

The  stock  solution  is  therefore  freed  from  sodium  sulphate  after  every 

*  This  is  done  to  precipitate  on  to,  and  through  the  ore  any  chloride  of  silver 
tliat  might  be  dissolved  by  a  too  concentrated  solution  of  the  base-metal  chlorides. 


346  PEOCEPSES  OF  ORE  TREATMENT. 

precipitation,  and  the  only  resulting  disadvantage  will  be  that  the 
precipitate  will  contain  more  gypsum.  But  if  sodium  sulphide  is  used  as 
a  precipitant,  the  effect  of  the  sodium  sulphate  is  very  injurious,  as  it 
remains  and  accumulates  in  the  stock  solution  and  soon  reduces  its 
dissolving  energy  for  silver  chloride,  rendering  a  prolonged  leaching  with 
water  necessary.  By  inserting,  in  the  outlet  of  the  vat,  a  small  rubber 
tube  (provided  at  the  end  with  a  glass  tube  drawn  to  a  fine  point),  and  by 
leaving  this  tube  in  the  outlet  during  the  whole  time  of  base-metal 
leaching.  Mi".  Hofmaun  obtained  from  the  outflowing  solution  a  very  fine 
stream  which,  collected  in  a  proper  vessel,  gave  a  true  sample  of  the 
solution  of  about  3  or  4  gallons.  This  sample  contained  in  1,000  cubic 
centimetres : — 


Grammes. 

Gramm 

Silver   ... 

0-0036 

Lead            

— 

Cadmium 

0-80fi 

Sulphuric  acid 

lS-708 

Zinc 

2-lO.T 

Chlorine      

71 7H 

Iron 

0-008 

Lime 

0-754 

Copper... 

Trace 

Silvfr  Learhhiji. — The  base-metal  salts  being  removed,  a  stream  of 
diluted  solution  of  sodium  hyposulpliite  is  allowed  to  enter  on  top  of  the 
ore,  which  readily  dissolves  the  silver  chloride.  When  the  outflowing 
solution  shows  indications  of  silver,  the  stream  is  conveyed  to  special 
precipitating-tanks,  in  which  the  silver  is  precipitated  as  silver  sulphide 
by  an  addition  of  calcium  polysulphide  or  some  other  reagent. 

To  ascertain  the  exact  time  when  the  hyposulphite  solution,  which 
follows  the  water,  commences  to  ap[)ear  at  the  outlet,  a  matter  of  import- 
ance, it  is  ordinarily  tested  with  calcium  polysulphide,  and  some  operaiors 
indulge  in  the  bad  habit  of  testing  it  with  the  tongue,  and  are  guided  by 
the  sweetish  taste  which  the  solution  has  if  it  contauis  silver.  The  follow- 
ing test  is  much  superior,  and  is  very  sensitive  and  convenient : — A  small 
strip  of  starch  paper  is  dipjwd  into  a  solution  of  iodine  and  then  held  in 
the  outflowing  stream.  If  the  l)lue  colour  disapjDears  it  is  a  sign  that  the 
liquid  contains  a  hyposulphite  salt,  and  the  stream  must  be  turned  into 
the  precipitation- vats.  The  test  is  only  applicable,  however,  when  the 
base-metals  are  leached  with  cold  water,  as  hot  water  discolours  the  blue 
paper.  To  facilitate  and  hasten  the  settling  of  the  silver  precipitates,  the 
precipitation-tanks  are  provided  with  machine  stirrers,  by  which  the 
solution  can  be  vigorously  agitated. 

After  precipitation,  the  sodium  hyposulphite  solution  is  decanted 
after  the  precipitate  has  settled  in  tanks  placed  at  a  lower  level. 
From  these  tanks  the  clear  solution  is  pumped  up  to  storage- tanks  and 
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is  ready  to  be  used  again.  When  all  the  soluble  silver  is  extracted,  the 
solution  of  the  hyposulphite  is  allowed  to  run  out  till  it  disappears  under 
the  surface  of  the  ore,  when  clear  water  is  introduced  again  to  displace  all 
the  hyposulphite  solution ;  after  this  second  leaching  with  water,  the  tail- 
ings are  sluiced  out  through  the  central  discharge,  and  the  tank  is  ready 
for  another  charge  of  ore.  The  time  for  silver  leaching  varies  according 
to  the  character  of  the  ore  from  8  hours  to  2  or  3  days. 

In  the  ordinary  lixiviation  process,  calcium  sulphide  is  the  ordinary 
and  best  precipitant.  This  salt,  however,  cannot  be  used  for  that  purpose 
in  the  Russel  process,  and  sodium  sulphide  therefore  takes  its  place.  In 
the  Kiss  process  the  ore  is  leached  with  calcium  hyposulphite,  and  the 
silver  is  precipitated  with  calcium  sulphide.  Leaching  with  sodium 
hyposulphite  and  precipitating  with  calcium  sulphide  (the  ordinary 
method)  is  really  a  combination  of  the  Patera  and  Kiss  processes.  When 
enough  silver  precipitate  has  accumulated  on  the  bottom  of  the  precipi- 
tating-tanks,  it  is  drawn  off  and  generally  strained  through  a  filter-press. 
The  black  silver  cakes  are  then  taken  out,  dried  in  a  warm  room  or  drying- 
oven,  and  introduced  into  a  muffle  or  calcining-furnace  to  burn  off  the 
sulphur.  After  the  blue  flame  has  disappeared,  heating  must  continue  for 
several  hours  at  a  dark  red  heat. 

The  roasted  cakes  may  be  melted  with  lead  in  a  cupelling-furnace,  and 
refined  or  melted  in  graphite  crucibles,  in  lots  up  to  300  lbs.  in  weight. 
What  sulphur  remains  must  be  removed  by  melting  it  off  with  metallic 
iron  introduced  into  the  pot,  an  iron  matte  being  formed,  which  rises  to 
the  surface  and  is  skimmed  off.  The  surface  of  the  silver  is  then  cleaned 
by  adding  some  bone  ash  and  borax,  or  borax  alone,  which  is  also  skimmed 
off,  and  the  silver  dipped  out  or  poured  into  moulds. 

The  quantity  of  hyposulphite  solution  required  for  treating  the  San 
Francisco  del  Oro  ore  is  as  follows  : — The  diameter  of  the  vat  is  the  same 
as  for  base-metal  leaching  (previously  described),  viz.,  10  feet  2  inches. 
Rate  of  filtration,  8f  inches  per  hour  or  57"52  cubic  feet  or  431  "4  gallons 
per  hour.  Time  of  silver  leaching,  4  days  or  96  hours  or  41"414  gallons 
per  charge  of  8*39  tons,  or  4,935  gallons  for  each  ton  of  ore,  658  cubic 
feet. 

At  the  Cusi  mill,  Mr.  Hofmann  states  the  vats  are  12  feet  in  diameter, 
taking  a  charge  of  about  8  tons  of  ore.  At  a  filtering  rate  of  8  inches 
per  hour  the  volume  of  outflowing  solution  amounts  to  74*6  cubic  feet  per 
hour,  or  3,058'6  cubic  feet  in  41  hom-s  for  a  charge  of  8  tons,  or  382'3 
cubic  feet  or  2,867  gallons  per  ton  of  ore,  employing  the  Russel  process, 
taking  the  figures  given  by  Mr.  Stetefeldt.    Mr.  Hofmann,  however,  states 
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that  he  found  the  average  leachiDg  time  at  the  Cusi  mill  to  be  53  horn's, 
which  at  the  filtering  rate  of  8  inches  per  hour  gives  494*2  cubic  feet  or 
3,706  gallons  per  ton  of  ore. 

The  Stock  Solution. 
Mr.  Hofmann  appears  to  have  been  the  first  to  introduce  the  practice 
of  using  sodium  hyposulphite  as  a  solvent  and  calcium  sulphide  as 
a  precipitant.  Calcium  sulphide  contains  a  considerable  amount  of 
(about  6  per  cent.)  calcium  hyposulphite,  even  if  freshly  prepared,  which 
in  precipitating  is  introduced  into  the  stock  solution.  It  was  therefore 
supposed  that  by  using  calcium  sulphide  as  a  precipitant  the  stock 
solution  would  be  gradually  converted  into  a  solution  of  calcium  hypo- 
sulphite, but  Mr.  Hofmann  denies  that  this  is  the  case,  and  states  that 
the  stock  solution  remains  as  sodium  hyijosulphite.  He  explains  it  in 
this  way  :  At  the  time  when  base-metal  leaching  is  usually  interrupted, 
the  ore  stQl  contains  sodium  sulphate.  Calcium  hyposulphite  and 
sodium  sulphate  form  sodium  hyjDosulphite  and  calcium  sulphate,  which 

precipitates 

CaS^Os  +  Na.SO,  =  CaSO,  +  Xa^Os- 

If  therefore  the  stock  solution  after  precipitation,  containing  calcium 
hyposulphite,  is  rinsed,  and  comes  in  contact  with  the  sodium  sulphate 
contained  in  the  roasted  ore,  the  outflowing  solution  will  have  its  calcium 
hyposulphite  substituted  by  sodium  hyposulphite,  leaving  the  precipitated 
gypsum  in  the  ore. 

Thus  the  stock  solution,  even  after  continued  use,  still  consists  of 
sodium  hyposulphite.  Ic  takes  longer  boiUng  to  manufacture  calcium 
sulphide  than  to  prepare  sodium  sulphide,  but  3|-  to  4  hours'  boiling  is 
sufficient,  and  the  consumption  of  steam  is  small  to  maintain  the  solution, 
once  it  is  boiling,  at  that  temperature.  The  calcium  sulphide  appears  to 
have  the  great  advantage  that  it  frees  the  stock  solution  from  the  very 
injurious  presence  of  sodium  sulphate,  for  if  calcium  suljjhide  is  brought 
in  contact  with  sodium  sulphate,  sodium  sulphide  is  formed,  which  goes 
into  solution,  and  the  calcium  sulphate  is  precipitated ;  thus  all  the  sodium 
sulphate  which  the  stock  solution  receives  from  the  ore  during  lixiviation 
is  decomposed,  while  sodium  sulphide  if  used  as  a  precipitant  not  only 
leaves  the  sodium  sulphate  undecomposed,  but  even  furnishes  an  addi- 
tional supply  of  this  salt,  and  assists  in  charging  the  stock  solution  with 
it,  diminishing  its  dissolving  energy  for  silver  chloride,  and  causing  quite 
a  large  consumption  of  sodium  hyposulphite. 

If  in  preparing  calcium  sulphide,  boiling  is  not  continued  beyond 
3  or  4  hours  and  precipitation  is  properly  executed,  the  original  stock 


PROCESSES  OF  ORE  TREATMENT.  349 

solution  cau  be  maiutaiued  effective  for  several  years  without  adding  any- 
fresh  sodium  hyposulphite  to  it.  It  will  be  even  found  that  the  solution 
increases  in  strength,  and  in  order  to  keep  it  at  standard  strength  it 
requires  to  be  diluted  from  time  to  time  with  water.  This  cannot  be 
accomplished  if  sodium  sulphide  be  used.  The  loss  of  hyposulphite  by 
decomposition  and  other  causes  is  in  fact  more  than  replaced  by  the 
supply  derived  from  the  precipitant. 

Mr,  Hofmann  gives  a  table*  showing  the  tendency  of  the  sodium  hypo- 
sulphite solution  to  increase  in  strength,  as  above  explained,  and  remarks 
that  it  is  quite  an  important  financial  item  whether  its  standard  strength 
(0'50  per  cent.)  is  kept  up  by  adding  water  or  sodium  hyposulphite.  At 
the  Cusi  mill,  he  used  765  lbs.  of  sodium  hyposulphite  for  the  preparation 
of  the  stock  solution,  working  with  it  2,011  tons  of  ore,  and  left  the 
solution  in  perfectly  good  condition,  only  a  little  stronger  than  when 
originally  prepared,  without  adding  any  extra  sodium  hyposulphite,  while 
Mr.  Daggett,  who  used  so  Hum  sulphide,  reports  a  consumption  in  the 
Cusi  mill  of  3  to  7  lbs.  of  sodium  hyposulphite  per  ton  of  ore. 

Mr.  Hofmann  states  that  in  working  2,011  tons  of  Cusi  ore  containing 
45*2  ounces  of  silver  per  ton,  the  cost  of  calcium  sulphide  per  ton  of  ore 
was  as  follows  : — 

Cents. 

Sulphur,  3-92  lbs.  at  7  cents 27-4 

Lime,  8-25  lbs.  at  1  cent  8-2 

Total        35-6 

or  28'7  cents  less  than  the  cost  of  sodium  sulphide  (reckoned  at  64-3 
cents)  treating  an  ore  containing  35"  1  ounces  of  silver.  Reducing  the 
above  figures  to  what  they  would  be  in  working  an  ore  containing  35*1 
ounces  of  silver  per  ton,  they  would  stand  :  — 

Cents. 

Sulphur,  3-02  lbs.  at  7  cents     2M 

Lime,  6*40  lbs.  at  1  cent  ...     6'4 

Total         27o 

or  36"8  cents  less  than  the  cost  of  sodium  sulphide,"  which  is  equal  to 
a  saving  of  57*2  per  cent.  Taking  into  consideration  the  fact  that  the  use 
of  sodium  sulphide  causes  also  a  consumption  of  3  to  7  lbs.  of  sodium 
hyposulphite  per  ton  of  ore,  it  is  apparent  that  sodium  sulphide  is  more 
ex^Densive,  and  that  calcium  sulphide  is  preferable  as  a  precipitant,  regard- 
less of  other  advantages,  for  the  important  reason  that  it  keeps  the  stock 
solution  free  from  sodium  sulphate. 

*  The  Engineering  and  Mining  Journal,  New  York,  vol.  xlvii.,  page  236. 
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The  calcium  polysulpliide  is  maunfactured  at  the  works,  by  boiling  2 
parts  of  the  fresh  lime  with  1  part  of  pulverized  sulphur  in  water  for  3  to 
4  horn's,  in  deep  tanks  made  of  boiler  iron,  into  which  steam  is  du'ectly 
introduced.  The  consumption  of  sulphur  is  from  2  to  7  lbs.  per  ton 
according  to  the  ore. 

The  Precipitate. 

Mr.  Hoftnann  gives  the  analysis  of  two  different  lots  of  roasted 
precipitate  of  del  Oro  ore : — 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Gold     ... 

004 

0-014 

Zinc      ... 

4-30 

13-86 

Silver  ... 

1900 

21-60 

Lime     ... 

3-88 

3-62 

Lead    . . . 

30-64 

21-10 

Sulph.  acid 

6-10 

6-18 

Copper 

11-55 

4-44 

Sulphur 

14-90 

19-37 

Cadmium 

3-45 

1-20 

Insoluble 

5*45 

4-96 

Iron 

0-72 

2-68 

The  two  lots  of  precipitate  differ,  as  will  be  seen,  considerably  with  regard 
to  lead,  copper,  cadmium,  zinc,  and  sulphur,  due  partly  to  variations  in  the 
character  of  the  ore,  of  which  the  precipitate  is  the  resulting  product,  and 
to  a  great  extent  to  variations  in  roasting. 

The  quantity  of  sulphur  depends  on  the  length  of  time  the  precipitate 
is  subjected  to  roasting  in  the  reverberatory  fm-nace.  To  avoid  loss  by 
volatilization,  the  precipitate  was  left  in  the  furnace  only  until  the  blue 
sulphur  flame  ceased.  The  percentage  of  lime  (3*88  to  3*62)  is  in  both 
lots  nearly  the  same,  and  shows  that  the  value  of  the  precipitate  is  not 
depreciated,  by  using  calcium  sulphide  as  a  precipitant,  enough  to  make 
its  use  objectionable.  The  dried  precipitate  contains  17 '90  per  cent,  of 
sulphur.  Experiments  to  regain  the  surplus  sulphur  by  boiling  the  fresh 
precipitate  with  caustic  soda  gave  very  satisfactory  results.  They  showed 
that  60  per  cent,  of  the  sulphm*  originally  contained  in  the  precipitate 
can  be  thus  regained  and  brought  into  a  state  in  which  it  can  be  directly 
used  again  as  a  precipitant. 

Using  Cupric  Chloride  for  Badly-roasted  Charges. 

If  an  insufficiently  chloridized  ore  be  treated  during  base-metal  leaching 
with  a  dilute  solution  of  cupric  chloride  it  has  a  very  beneficial  effect,  as 
stated  elsewhere,  and  Mr.  Hofmann,  in  some  instances,  obtained  a  further 
extraction  from  the  del  Oro  ore  of  34  to  40  per  cent,  of  the  silver  by  its 
use.     35  lbs.  of  bluestoue  and  about  70  lbs.  of  salt,  boiled  by  steam  for 
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about  15  or  20  minutes,  gave  a  suflScicnt  quantity  of  cupric  chloride  for 
a  charge  of  8^  tons,  at  a  cost  of  60  cents  per  ton  of  ore : — 

Dollars. 
Bluestone,  35  lbs.  at  12  cents           ...         4-20 
Salt,  70  lbs.  at  1-7  cents         O'SS 

Total       ...         ...         ...         5-08,  or  0'60  cents  per  ton. 

The  cupric  chloride  is  either  added  to  the  water  contained  in  the  tank, 
into  which  the  dry  and  hot  ore  is  dumped,  or  it  is  added  during  base- 
metal  leaching.  In  the  latter  case  it  is  better  to  apply  the  copper  solution 
after  the  main  portion  of  the  base-metal  salts  have  been  leached  out,  say 
about  1  hour  after  commencing  base-metal  leaching,  and  to  add  it  gradually 
in  order  to  penetrate  the  whole  charge.  To  about  6  or  8  inches  of  water 
standing  above  the  ore,  one  quarter  of  the  prepared  copper  solution  is 
added,  stirred,  and  allowed  to  sink  through  the  ore.  As  soon  as  the 
liquid  is  level  with  the  top  of  the  ore,  the  outlet  under  the  filter  is  closed, 
and  again  6  or  8  inches  of  water  is  allowed  to  flow  into  the  vat,  to  which 
the  second  quarter  of  the  copper  solution  is  added;  this  is  repeated  a  third 
and  fourth  time,  and  the  charge  is  washed  in  the  usual  way. 

The  first  method  is  quicker  and  less  troublesome,  but  in  this  case 
leaching  from  below  is  advisable.  The  solution  from  the  del  Oro  ore 
treated  in  this  way  left  the  tank  colourless  with  only  a  slight  reaction  for 
copper,  showing  that  the  cupric  chloride  was  decomposed  in  passing 
through  the  ore.  Mr.  Hofmann  believes  that  if  the  roasted  ore  of  the 
Yedras  mine  were  treated  in  this  way,  very  good  results  would  be  obtained, 
without  reducing  the  fineness  of  the  precipitate  as  much  as  is  done  at 
present  by  the  use  of  extra  solution. 

Cost  of  Lixiviation. 

The  works  at  Parral  have  two  leaching-plants,  one  in  connexion  with 
the  modified  Howell  furnace  and  the  other  with  the  reverberatory  furnaces. 
Separate  accounts  were  kept  of  each.  The  following  figures  refer  to  the 
Howell  plant.  For  the  consumption  of  sulphur  no  separate  account  could 
be  kept,  and  the  quantity  used  per  ton  is  therefore  calculated  on  the  total 
amount  consumed  and  the  total  number  of  tons  of  ore  leached  in  both 
mills.  It  gives  a  consumption  of  7  lbs.  per  ton  of  ore.  One  man  was 
employed  roasting  the  precipitate  obtained  from  both  plants,  and  one-half 
of  his  wages  is  charged  in  the  statement.  A  reduction  of  cost,  it  is  stated, 
could  be  effected  if  the  precipitate  were  boiled  with  caustic  soda,  instead  of 
roasting  it.     The  item  of  management,  office,  etc.,  represents  one-third 
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of  the  cost  for  100  tons  per  day,  calculated  proportionately  on  8^  tons,  as 
explained  in  the  cost  of  roasting : — 

Dollars. 

Labour  for  charging  and  discharging         I'OO 

Two  leachers  at  1-00  dollar 2-00 

One  man  preparing  calcium  sulphide         ...         ...         ...         ...  0'7.5 

Sulphur,  .59^  lbs.  at  6  cents 3-57 

Lime,  180  lbs.  at  0-5  cent ... 0-90 

One  man  roasting  precipitate  at  $1-00  (one-half)  0-50 

Wood  for  roasting  precipitate  ...         ...         ...         ...         ...  0-50 

Management,  office,  mechanics,  assay  office  ...         ...         ...  1'78 

Oil,  light,  filter  cloth,  shovels  ToO 

Steam  for  pump,  and  sulphide  solution  were  charged  to  roasting  — 

Total  cost      12-50 

or  cost  of  leaching  per  ton  of  ore,  l:i7  dollars,  Mexican  currency.* 

Total  cost  of  reduction,  not  including  stamping  : — 

Dollars. 
Roasting  in  the  reverberatory  furnace  ...         3"67 

Lixiviation         ...         ...         ...         ...         ...         l''l:7 

Mexican  dollars    .5'14  per  ton  of  ore. 

Mr.  Hofmann  noticed  that  heavy  brown  fumes  were  emitted  from  the 
ore  in  roasting  it  in  the  muffle  furnace  under  certain  conditions,  and  was 
led  to  suspect  the  presence  of  cadmium  in  the  del  Oro  ore  in  considerable 
quantities.  Fm'ther  investigations  proved  this  to  be  the  case.  The  cad- 
mium leaches  out  along  with  the  zinc,  and  as  long  as  there  is  zinc  in  the 
solution,  cadmium  will  be  found.  The  fact  that  the  cadmium  is  brought 
into  solution  by  the  regular  operation  of  the  process  for  extracting  the 
silver,  permits  of  its  extraction  (as  a  bye-product)  at  very  small  cost. 

The  analysis  showed  that  the  base-metal  solution  of  the  del  Oro  ore 
is  remarkably  free  from  metals  which  are  precipitable  by  zinc ;  if,  therefore, 
the  more  concentrated  part  of  the  base-solution  be  conveyed  into  tanks 
(like  those  devised  and  recommended  by  Mv.  Stetefeldt),  for  precipitating 
the  copper  and  silver  of  the  base-metal  water  with  scrap-iron,  and  metallic 
zinc  is  introduced,  it  will  precipitate  the  cadmium,  copper,  and  silver.  The 
base-metal  solution  is  acid  enough,  but  the  addition  of  some  sulphuric 
acid  hastens  the  process. 

It  is  more  profitable  to  manufacture  cadmium  sulphide  than  to  produce 
the  metal.  The  metallic  precipitate,  after  being  washed,  is  boiled  with 
dilute  sulphuric  acid.     Cadmium  dissolves,  while  the  copper  will  remain 

*  The  Mexican  dollar  was  at  the  time  in  question,  the  writer  believes,  worth,  3s.; 
at  present  it  is  worth  2s.  9d. 
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as  a  sediment ;  and  so  will  lead  if  it  be  present.  The  solution  is  decanted, 
filtered,  and  the  cadmium  precipitates  as  cadmium  sulphide  by  sul- 
phuretted hydrogen.  Cadmium  sulphide  is  a  brilliant  and  valuable  paint. 
Experiments  on  a  large  scale  showed  that  from  2  to  3  lbs.  of  cadmium 
sulphide  could  be  precipitated  from  the  base-metal  solution  derived  from  a 
ton  of  ore. 

The  best  orange-yellow  of  cadmium  is  obtained  by  precipitating  with 
sodium  sulphide,  but  the  solution  must  first  be  made  alkaline  with  caustic 
soda. 

Mr.  F.  M.  Watson  in  a  letter  to  The  Engineerivg  and  Blining 
Journal,  ISTew  York,  of  April  8th,  1893,*  speaking  of  the  Russel  process 
at  Sombrerete,  Zacatecas,  says  : — The  ore  runs  roughly  10  per  cent,  of 
blende,  10  per  cent,  of  galena,  30  per  cent,  of  iron  pyrites,  and  the  rest 
mostly  quartz  containing  on  an  average  about  20  per  cent,  of  sulphur. 
The  old  reverberatory  furnaces  used  for  roasting  (taking  sis  months' 
average)  showed  a  roasting  chlorination  of  88*5  per  cent.,  but  the  loss  from 
volatilization  was  very  heavy  (the  last  six  months'  average  being  16*6 
per  cent.,  and  before  it  had  risen  to  as  high  as  24  per  cent).  By  consider- 
ing the  two  losses  Mr.  Watson  therefore  places  their  efficiency  at  73'8  per 
cent.  The  extraction  of  sulphides  during  this  period  was  about  73  per  cent., 
and  the  total  cost,  including  grinding,  was  about  8  dollars,  Mexican 
currency,  per  ton,  crushing  with  rolls.  He  advocates  using  stamps  in 
place  of  them.  The  ordinary  Stetefeldt  furnace  also  does  not  appear  to 
have  been  more  successful  in  this  case  than  with  the  San  Francisco  del 
Oro  ore,  but  Mr.  Watson  considers  that  it  might  be  modified  to  give  good 
results,  and  he  considers  that  with  a  remodelled  mill  85  per  cent  of  the 
raw  ore  value  could  be  extracted  at  a  cost  of  not  more  than  6  dollars, 
Mexican  currency,  per  ton. 

Trough-lixiviation. 

This  system  is  a  continuous  one — a  modification  of  tank-lixiviation — 
the  chemical  reactions  are  the  same,  but  the  time  of  leaching  is  enormously 
shortened,  and  the  manipulations  are  simpler  and  more  labour-saving.  It 
is  particularly  adapted  for  large  works,  and  for  ore  which  on  account  of 
lead  requires  a  long  leaching  time. 

While  the  silver  from  all  the  other  silver-bearing  minerals  can  be  easily 
and  quickly  extracted  as  chloride,  that  portion  contained  in  the  galena 
dissolves  very  slowly.  The  larger  portion  of  the  silver  may  be  in  fact 
extracted  in  a  few   hours,   while   the  remainder  will  take  days.     The 

*  Page  316. 
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roasted  del  Oro  ore,  for  example,  filters  quickly,  but  if  the  ore  contain  10 
to  11  percent,  of  lead,  the  silver-leaching  time  is  4  days,  and  if  it  contain 
15  to  17  per  cent,  of  lead  the  time  is  increased  to  5  or  6  days. 

A  description  of  trough-lixiviation  is  given  by  Mr.  Hofmann  in  The 
Enfiineerhui  and  Mining  Journal,  New  York,  of  September  10th,  1887, 
November  26th,  18S7,  and  March  1 6th,  1 889,*  from  which  these  particulars 
are  taken.  Silver  chloride  contained  in  roasted  ore  almost  instantly 
dissolves  if  rapidly  brought  in  contact  with  a  proper  volume  of  moving 
sodium  hy})osulphite  solution.  No  more  tlian  |  to  1^  minutes  are  required, 
and  it  is  rather  the  quantity  or  volume  than  the  concentrated  state  of  the 
liquid  solvent,  that  produces  this  effect ;  it  is  in  fact  the  principle  upon 
which  the  process  depends. 

In  the  tanks  the  amount  of  solution  which  comes  in  contact  with 
the  ore  is  regulated  by  the  latter's  filtering  capacity.  The  operator  can 
slightly  increase  the  speed  of  filtering  and  so  increase  the  quantity  of  solu- 
tion used,  by  producing  a  vacuum  under  the  filter  bottom,  but  he  cannot 
produce  and  maintain  at  will  a  certain  favourable  proportion  of  ore  and 
solvent,  which  is  of  such  importance  for  a  quick  and  thorough  extraction. 
If,  however,  the  ore  be  introduced  into  a  running  stream  of  the  solvent, 
the  operator  has  it  in  his  power  to  produce  and  maintain  any  desired 
proportion. 

Instead  of  charging  the  ore  in  tanks,  and  permitting  the  solvent  to 
filter  through,  it  is  dissolved  outside  the  tanks  in  troughs,  while  the  ore 
is  moving  in  and  with  the  stream  of  solvent,  and  the  tanks  are  only  used 
for  the  separation  of  the  solid  from  the  liquid.  The  ore  from  the  furnaces 
is  dumped  into  bins,  from  which  it  is  mechanically  and  evenly  charged 
into  a  perpendicular  square  tube  12  by  12  and  about  2  feet  in  height, 
which  is  crossed  by  several  sprays  or  sheets  of  water,  closing  it  near  the 
top  and  bottom.  The  dust  caused  by  the  contact  of  hot  ore  and  water 
is  absorbed  by  the  top  and  bottom  sheet  of  water,  and  cannot  escape,  while 
the  steam  generated  is  condensed. 

The  pulp,  when  leaving  the  perpendicular  tube,  enters  a  grinding 
machine  of  similar  constmction  to  the  German  kegelmiihle,  an  arrange- 
ment which  answers  better  than  an  agitator,  which  was  first  proposed  for 
the  purpose  of  mixing  the  ore  with  water  (to  prevent  it  being  carried 
down  the  trough  in  bulk),  and  to  mash  and  grind  up  any  lumps  it  con- 
tains. The  mill  discharges  the  pulp  into  the  base-metal  leaching-trough 
of  triangular  section,  which  leads  to  the  settling-tanks. 

*Pages  185,  393,  aud  255  respectively. 
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By  this  system,  the  whole  cooling-floor  manipulations  are  avoided, 
likewise  the  filling  of  cars  on  the  cooling-floor  and  the  transportation  of 
the  moistened  ore  to  the  tanks,  also  the  shovelling  out  of  the  tailings  from 
the  tanks,  which  is  a  great  saving  of  manual  labour,  without  involving 
much  extra  machinery.  It  requires  two  men  per  shift  to  bring  the  ore 
from  the  furnaces  to  the  bins,  one  man  in  the  base-metal  department,  and 
one  man  and  a  helper  in  the  silver-leaching  department.  The  stirring  of 
the  silver  solution  in  precipitating  is  done  by  mechanical  stirrers,  which 
do  excellent  work. 

The  rapidity  of  the  extraction  requires  quicker  circulation  of  the  solu- 
tion entailing  the  use  of  a  larger  pump  ;  but  Mr.  Hofmann  considers  the 
extra  expense  of  this  a  very  small  drawback.  The  hot  ore  warms  the 
water  for  base-metal  leaching,  without  incurring  extra  expense  or  labour. 

The  proportion  of  water  depends  on  the  amount  of  base-metal  chlorides 
contained  in  the  ore,  and  has  to  be  so  regulated  that  the  resultmg  base- 
metal  solution  is  too  dilute  to  dissolve  silver  chloride.  This  is  easily 
arranged,-  by  gradually  increasing  the  stream  of  water  while  maintaining 
the  same  supply  of  ore,  and  testing  the  resulting  solution  for  silver. 

The  length  of  the  trough  depends  on  the  character  of  the  ore,  but 
150  feet  from  the  mill  to  the  first  tank  wiU,  in  most  cases,  be  sufficient. 
The  inclination  should  not  be  less  than  |  inch  to  the  foot.  The  trough  can 
be  arranged  in  zigzag,  but  has  to  lead  over  all  the  tanks. 

In  the  line  of  the  trough  above  each  tank  there  is  a  square  box,  1-i  by 
14  by  10  inches,  the  bottom  of  which  is  provided  with  a  plug-hole  in 
order  to  permit  of  any  desired  tank  being  charged. 

The  tanks  have  in  the  centre  of  the  bottom  a  sluice-hole  6  inches  in 
diameter,  to  which  is  attached  to  the  outside  by  means  of  a  flange  a  short 
piece  of  cast-iron  pipe  of  about  the  same  diameter.  This  pipe  is  like  a 
gas-pipe  elbow,  and  can  be  tightly  closed  by  pressing  a  rubber  gasket 
against  the  outside  flange.  This  valve  is  worked  from  a  platform  along- 
side the  tanks.  This  pipe  must  be  well  coated  with  asphaltmn  varnish. 
Around  the  sluice  or  discharge-hole  the  filter  is  arranged  in  funnel-shape, 
having  an  inclination  of  |  inch  to  the  foot.  The  filter-cloth  must  be 
well  fastened  round  the  outer  and  inner  circle.  The  central  position  of 
the  discharge-opening  and  funnel-shape  of  the  filter-bottom  permit  of 
quick  and  perfect  sluicing.  A  tank  with  a  level  filter-bottom,  if  large, 
can  be  sluiced  clean  through  a  side  gate.  The  space  below  the  filter 
is  provided  with  the  usual  outlet-pipe.  Close  under  the  filter  is  inserted 
from  outside  a  |  inch  pipe  which,  connected  with  1  inch  hose,  reaches 
the  rim  of  the  tank  for  the   escape  of   the  air.     Before   the  tank   is 
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used  for  operation,  a  wired  rubber-hose  is  connected  with  both  the  water 
and  the  sohition-pipes,  and  so  placed  from  above  that  the  lower  or  outlet 
end  enters  the  discharge-pipe  through  the  central  hole  in  the  bottom. 
The  object  of  this  hose  is  to  inject  a  stream  of  solution  at  the  bottom  of 
the  ore  (in  the  outlet-pipe),  when  the  tank  is  to  be  sluiced  out  for  silver 
leaching. 

The  stream  undermines  the  tightly-packed  ore  which  gradually  caves 
in,  until  a  funnel-shaped  opening  is  made  through  its  depths.  Then  one 
or  more  streams  are  allowed  to  play  on  top  of  the  ore  until  it  is  all  sluiced 
out.  The  hose  in  the  discharge-pipe — which  must  be  stiff  in  order  not  to 
be  flattened — is  allowed  to  remain,  in  order  to  prevent  the  discharge-hole 
from  being  clogged  by  a  too  sudden  rush  of  ore.  Before  starting  the 
operation  the  discharge-pipe  is  filled  with  water  through  the  central  hose, 
the  lower  end  being  covered,  in  order  to  keep  it  filled  with  water  to  pre- 
vent obstruction  from  the  ore. 

The  tanks  are  placed  on  the  same  level  in  two  rows  close  together,  and 
are  connected  by  pipes  in  such  a  way  as  to  permit  of  any  desired  tank 
being  disconnected  without  disturbing  the  communications  of  the  others. 
The  counecting-pijies  are  also  on  a  level,  placed  a  few  inches  below  the 
rim  of  the  tanks,  and  well  coated  with  asphaltum  varnish.  Their  diameter 
depends  on  the  capacity  of  the  works.  Each  tank  is  provided  with  an 
outlet  (on  the  level  of  the  connecting-pipes),  which  discharges  below  the 
bottom  into  the  base-metal  trough,  the  latter  being  connected  with  the 
outlet-hose  from  under  the  filter-bottom.  The  connecting-pipes  and 
upper  outlets  can  be  closed  with  wooden  plugs  from  the  inside  of  the 
tanks. 

Base-mefal  Leaching.— At  starting,  the  stream  of  roasted  ore  and  water, 
after  having  passed  through  the  whole  length  of  the  base-metal  leach 
trough,  is  allowed  to  enter  the  tank  by  opening  the  hole  in  the  bottom 
of  the  small  square  box  which  intersects  the  trough  above  the  tank. 
The  ore  will  gradually  fill  the  first  tank,  while  the  base-metal  solution 
after  reaching  the  level  of  the  connecting-pipe  will  flow  into  the 
next  tank,  and  when  this  is  filled,  into  the  next  tank,  and  so  on  through 
all  the  tanks  until  it  finds  the  outlet  of  the  last  tank,  through  which 
it  will  discharge  into  the  base-metal  trough.  The  motion  of  the 
solution  in  each  tank  is  so  slow  that,  by  the  time  it  reaches  the  last 
outlet,  it  is  clear.  A  board,  placed  edgeways  a  few  inches  below  the 
surface  and  across  the  tank,  will  prevent  the  formation  of  a  diametrical 
stream  from  one  pipe  to  another,  and  greatly  assist  in  clearing  the  solution. 
If  the  proper  proportions  of  water  and  ore  have  been  used,  the  base-metal 
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solution  will  not  contain  any  silver,  and  can  be  allowed  to  run  to  waste. 
When  the  first  tank  is  filled  with  ore,  the  connecting-pipe  is  closed,  and 
stream  of  pulp  transferred  into  the  second  tank,  all  other  connexions 
remaining  unchanged.  The  outlet-hose  below  the  filter-bottom  of  the 
first  tank  is  now  opened,  and  the  solution  still  contained  in  it  is  allowed 
to  drain  off.  As  soon  as  it  disappears  below  the  surface  of  the  ore  some 
clear  water  is  added  to  force  out  the  remainder  of  the  base-metal  solution. 
The  first  tank  is  now  ready  for  silver  leaching. 

Silver  Leaching. — In  their  passage  through  the  trough  from  the  mill  to 
the  tanks,  all  the  soluble  base-metal  chlorides  have  dissolved,  and  the 
charge  of  the  first  tank  having  been  treated,  as  above  described,  is  now 
ready  for  silver  leaching.  The  rubber  gasket  of  the  discharge-pipe  is 
pulled  back,  and  sodium-hyposulphite  solution  is  turned  on  through  the 
central  hole,  and  the  whole  charge  sluiced  out.  Ore  and  hyposulphite 
solution  discharge  into  a  trough  under  the  first  and  last  tanks,  which  are 
connected  with  the  silver-leach  trough.  At  first,  before  other  streams 
of  hyposulphite  solution  can  be  played  on  the  surface  of  the  ore,  the 
pulp  is  diluted  by  an  extra  stream  in  the  silver-leach  trough.  Ore  and 
solution  now  pass  through  a  trough,  not  less  than  150  feet  long,  to  a 
similarly  arranged  set  of  tanks. 

When  the  pulp  reaches  the  first  tank,  the  solution  has  dissolved  all 
the  silver  chloride,  and  the  sand  drops  as  tailings  into  the  tank.  The  silver 
solution  has  also  to  pass  through  all  the  tanks  and  leaves  the  last  one 
clear.  It  is  conveyed  to  the  precipitation-tanks.  When  one  tank  is  filled 
with  tailings,  it  is  disconnected  from  the  others,  and  the  pulp  allowed  to 
flow  into  the  next  one.  The  outlet-pipe  under  the  filter-bottom  is  opened, 
the  remaining  silver  solution  allowed  to  drain  off,  and  the  part  retained  by 
absorption  displaced  by  water.  Where  w^ater  is  scarce,  the  base-metal 
solution  can  be  accumulated  in  the  outside  storage-tank  and  used  for 
sluicing  the  tailings.  The  proportion  of  solution  and  ore  to  be  used 
depends  on  the  nature  of  the  ore,  and  has  to  be  ascertained  for  each  kind. 
Ore  containing  lead  requires  most  solution.  It  is  best  to  determine 
the  proportion  in  weights,  as  it  makes  it  easy  to  calculate  the  required 
capacity  of  the  different  tanks,  pipes,  and  pumps,  for  a  given  cajjacity 
of  mill. 

JMr.  Hofmann's  tests,  he  states,  show  that  the  minimum  quantity  of 
solution  required  is  o  to  o  times  the  weight  of  the  ore,  and  the  maximum 
18  to  20  times.  The  weight  of  the  solution  is,  for  convenience,  taken  as 
equal  to  water,  1  cubic  foot  =  62'5  lbs.  In  most  cases  10  parts  of 
solution  to   1  of  ore  will  be  sufficient.     Assummg  this  pro^jortion,  and 
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taking  1  cubic  foot  solution  as  7'5  gallons,  and  1  gallon  as  8"33  lbs,, 
we  find  that  in  order  to  lixiviate  40  tons  per  day,  it  will  require  3,200 
cubic  feet  or  24,000  gallons  of  solution  to  be  daily  pumped  to  the  upper 
reservoir  and  circulated.  This,  theoretically,  would  require  a  pumping 
capacity  of  16"6G  gallons  per  minute,  and  precipitating  facilities  for  1,000 
gallons  per  hour.  By  erecting  a  temporary  trough  of  not  less  than  150 
feet  in  length,  and  a  mixing-box  at  the  upper  end,  the  required  propor- 
tions of  solution  and  ore  can  readily  be  determined  by  a  series  of 
experiments.  The  samples  have  to  be  taken  at  the  lowest  end  of  the 
trough,  while  the  pulp  is  dropping  into  the  receiving-tank.  The  vessel 
with  which  the  sample  is  caught  must  be  large  enough  to  receive  the 
whole  stream  during  the  time  the  sample  is  caught.  Sufficient  time  must 
be  allowed  for  the  ore  to  settle.  The  clear  solution  is  carefully  decanted, 
and  the  sc'diment  placed  on  a  filter,  washed  well  with  water,  dried,  and 
assayed.  Before  subjecting  it  to  the  solution-test,  the  ore  has,  as  a  matter 
of  course,  to  be  treated  with  water  to  remove  the  base-metal  chlorides. 

Mr.  Hof mann  states  the  advantages  of  trough-lixiviation  as  follows : — 

At  first  sight  it  would  appear  that  very  dilute  silver  solutions  are 
obtained,  and  have  to  be  treated  in  the  precipitation- tanks.  This, 
however,  is  not  the  case.  The  resulting  silver  solution  maintains  a  uniform 
strength  in  silver  and  other  soluble  metal  salts,  and  is  of  about  the  same 
strength  as  the  whole  filtrate  of  one  charge  in  tank-leaching  would  be,  if 
accumulated  in  one  precipitation-tank.  In  tank-lixiviation  very  strong 
solutions  are  formed  at  the  beginning,  and  very  dilute  ones  towards  the 
end,  and  as  it  frequently  happens  that  a  tank-full  of  such  very  dilute 
solutions  has  to  be  precipitated  by  itself;  a  uniform  strength  is  in  fact 
by  far  preferable. 

This  method  of  lixiviation  allows  the  operator  to  bring  the  ore 
in  sudden  contact  with  any  desired  quantity  of  the  solvent,  and  offers 
the  means  in  this  way,  of  overcoming  some  very  annoying  chemical  and 
mechanical  difficulties  encountered  in  other  lixiviation  processes.  Lead 
sulphate  reduces  the  dissolving  energy  of  sodium  hyposulphite  for  silver, 
and  this  is  why  the  lixiviation  of  lead-bearing  ores  is  so  exceedingly  slow 
and  requires  such  an  extensive  plant. 

In  the  ordinary  lixiviation,  the  solution  becomes  more  satm'ated  with 
lead  sulphate  as  it  descends  through  the  ore  and  loses  proportionately  its 
dissolving  energy.  As  the  solubility  of  the  lead  sulphate  increases  with 
the  concentration  of  the  solution,  a  stronger  solution  does  not  hasten  the 
process  ;  but  if  the  ore  be  brought  rapidly  into  contact  with  a  large 
volume  of  hyjiosulphite  solution,  the  latter  retains  enough  of  its  dissolving 
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energy  to  produce  a  quick  extraction.  The  presence  of  lead  sulphate 
therefore  does  not  retard  trough-lixiviation,  it  merely  entails  the  use  of 
larger  quantities  of  solvent.  The  rapidity  with  which  the  silver  dissolves, 
also  materially  lessens  the  unfavourable  influence  of  caustic  lime.  The 
possibility  of  bringing  the  ore  into  contact  with  any  desired  quantity  of  the 
solvent  has  the  further  advantage  of  preventing  the  base-metal  solution 
from  dissolving  silver.  The  resulting  solution  need  only  be  sufficiently 
dilute.  It  does  not  take  much  more  water  than  in  the  ordinary  leaching, 
when  the  bulk  of  the  silver  is  dissolved  by  the  base-metal  chlorides,  while 
the  solution  is  very  concentrated.  Shortly  after  the  beginning,  no  more 
silver  is  dissolved;  if,  therefore,  the  charge  of  ore  could  have  been 
brought  at  once  into  contact  with  the  whole  quantity  of  water  used  in 
washing,  Mr.  Hofmann  thinks  much  less  silver  would  go  into  solution. 
Clayey  ores  and  flue-dust  may  be  successfully  treated  by  trough-lixiviation 
regardless  of  their  filtering  property. 

In  ordinary  leaching,  each  tank-charge  is  in  a  different  stage  of  the 
process,  and  this  necessitates  great  care  and  attention  and  Keeping  a 
separate  record  of  each  tank.  In  trough-lixiviation,  the  operation  being 
continuous,  attention  need  only  be  concentrated  on  one  tank  in  each 
department  to  prevent  it  fi'om  being  overcharged.  Although  the  process 
is  divided  into  two  departments  (the  base-metal  and  silver  leaching)  the 
manipulation  is  materially  simplified,  the  tanks  being  charged  automatically 
by  the  stream  of  the  respective  solutions,  and  the  costly  handling  in  cars 
is  obviated.  Leaching  works  built  on  this  plan  will  requii'e  more  grade, 
and  it  will  be  preferable  to  have  the  roasting  and  base-metal  leaching 
done  in  the  main  building  ;  and  the  silver  settling  and  precipitation- 
tanks,  with  all  the  other  apparatus  required  for  the  final  treatment  of  the 
precipitate,  in  a  separate  department  lower  down ;  the  two  being  con- 
nected by  the  silver-leach  trough. 

The  principle  of  this  method  can  be  tested  in  the  laboratory  by  intro- 
ducing 20  grammes  of  roasted  ore,  which  has  previously  been  washed  into 
a  graduated  cylinder  of  1,000  cubic  centimetres,  in  which  is  contained 
200  cubic  centimetres  of  sodium  hyposulphite  solution.  The  top  of  the 
cylinder  has  to  be  tightly  closed  with  the  palm  of  the  hand,  and  the 
glass  brought  into  a  horizontal  position  and  oscillated,  in  order  to  make 
the  ore  and  solution  pass  quickly  from  one  end  to  the  other  to  imitate 
the  current  in  a  trough.  After  the  oscillating  motion  has  been  continued 
for  about  2  minutes  the  contents  of  the  cylinder  are  emptied  into  a  filter, 
and  washed  with  water  to  displace  the  silver  solution  from  the  sand  and 
filter-paper. 
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It  will  be  fomid  that  all  the  extractable  silver  has  been  dissolved,  and 
the  residues  will  correspond  with  those  obtained  in  the  regular  chlorina- 
tion  assay.  If  the  result  of  a  first  trial  be  not  satisfactory,  it  is  due  to 
a  fault  in  the  quantity  of  solution,  more  of  which  must  be  used  in  the 
next  test,  and  so  on,  till  the  results  are  accurate  and  the  required  propor- 
tions of  solution  and  ore  are  ascertained. 

Trough-lixiviation  was  first  used  in  the  mill  of  the  North  Mexican 
Mining  Co.,  Cusihuriachic,  Chihuahua,  Mexico.  This  mill  was  originally 
arranged  for  tauk-lixiviation,  but  the  ore  hardened  like  cement,  and 
did  not  permit  any  solution  to  pass  through.  Trough-lixiviation,  how- 
ever, enabled  the  ore  to  be  worked  rapidly,  and  the  resulting  taihngs 
agreed  with  the  chlorination  test. 

Mr.  Hofmann  gives  a  number  of  experiments  and  details  with  regard 
to  trough-lixiviation  in  The-  Engineering  and  Mining  Journal,  New  York, 
of  March  16th,  1889,*  and  in  the  Transactions  of  the  American  Instiiu- 
tion  of  Mimng  Engineers,  February,  1888.t  These  cannot,  however,  be 
reproduced  here  in  detail.  As  the  saving  in  time  is,  however,  one  of  the 
chief  claims  of  the  process,  the  An'iter  may  instance  some  comparative 
figures  Mr.  Hofmann  gives,  comparing  it  with  tank-lixiviation  treating 
del  Oro  ore  : —  . 

Time  taken  in  tank-lixiviation  :  — 


Charging    ... 

Base-metal  leaching 

Expelling  the  water  by  solution 

Silver  leaching     ...         

Expelling  the  solution  by  water 

Total 

Time  taken  in  trough-lixiviation  : — 


Hours. 

.s 

8 
1 

^ 

109i 


Base-metal  leaching  and  filling  the  tank  ... 
To  drain  the  wash- water  from  the  top  of  ore 
To  expel  the  base-metal  solution  by  water 
To  expel  the  water  by  hyposulphite  solution 
Silver  leaching  (sluicing  with  solution)     ... 
Draining  solution  from  top  of  ore   ... 
Expelling  the  solution  by  water      

Total         

Treating  the  del  Oro  ore  by  trough-lixiviation,  Mr.  Hofmann  found 
in  silver  leaching  that,  using  a  solution  with  a  strength  of  0*50  ounce  per 
ton,  the  best  results  were  obtained  with  the  proportion  of  1  of  ore  to  3"4 
of  solution  or  108*8  cubic  feet  or  816  gallons  of  solution  in  circulation 


Hrs. 

Min 

.        3 

6 

.         0 

34 

.       3 

25 

1 

20 

.       3 

36 

0 

34 

.       2 

30 

15 

5 

*  Page  255. 
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per  ton  of  ore  treated.  But  in  trougli-lixiviation,  G58  cubic  feet,  or  4:,9o5 
gallons  of  solution  were  required  per  ton.  The  proportion  of  I  to  3"i 
gave  tailings  carrying  only  3*59  ounces  per  ton.  In  evidence  of  the 
statement  that  by  producing  a  sufficiently  dilute  base-metal  solution  it 
will  not  contain  any  silver  and  may  be  allowed  to  run  to  waste, 
Mr.  Hofmann  cites  the  following  test : — One  litre  of  the  702  gallons  of 
base-metal  solution  was  precipitated  with  calcium  sulphide.  The  precipi- 
tate, after  fluxing  and  treating  Kke  an  ordinary  ore  assay,  returned  no 
more  than  0-0002  gramme  of  fine  silver,  702  grammes  wiU  therefore 
contain  0'532  gramme,  which  represented  the  total  amount  of  silver 
dissolved  from  8'39  tons  of  ore,  or  0*06  gramme  or  0*002  ounce  of  silver 
per  ton,  which  is  practically  nothing. 

Other  points  mentioned  are,  while  in  tank-lLxiviation  the  rate  of  filtra- 
tion was  8g  inches  per  hour,  in  trough-lixiviation  it  was  12  inches  per  hour. 
The  number  of  tanks  required  in  trough-lixiviation  is  much  less  than  in 
tank-iixiviation,  and  while  the  roasted  sulphides  obtained  from  the  trough- 
process  contained  20*9  per  cent,  of  fine  silver,  those  obtained  from  the 
tank-process  during  the  same  week  and  from  the  same  lot  of  ore  only 
contained  17  per  cent,  fine  silver. 

Some  of  the  most  interesting  figures  may  be  summed  up  as  follows  : — 

Quantity  of  water  required  for  base-metal  leaching, 

including  sluicing,  per  ton ,. . 
Quantity    of    hyposulphite    solution   which   has    to 

circulate  for  each  ton  of  ore  ...         

Time  required  to  treat  one  tank-charge  of  ore 

Total  quantity  of  water  required  for  100  tons  of  ore 

per  day 
Total  quantity  of  hyposulphite  solution  per  day  to 

work  100  tons  ...         ...         ...         

Loss  of  silver  in  base-metal  leaching  per  ton  of  ore... 

Extraction  of  silver  in  both  methods  the  same. 

In  connexion  with  the  Hofmann  gold-and-silver  chlorination  process, 
which  has  been  mentioned  in  the  earlier  part  of  this  paper,  it  is  to  be 
noted  that  after  the  silver  has  been  extracted,  the  solution  of  hyposulphite 
used  for  leaching  is  allowed  to  run  out  till  it  disappears  under  the  surface 
of  the  ore,  when  clear  water  is  introduced,  in  order  to  displace  the  solution. 
The  desilverized  ore  must  then  be  removed  from  the  tank  to  a  dry-kiln, 
where  it  is  left  till  the  surplus  water  has  evaporated.  After  this  it  is 
charged  back  into  the  tank  still  moist. 

This  second  handling  and  drying  cannot  be  dispensed  with,  as  the  ore 
after  leaching  is  too  wet  to  permit  of  the  free  passage  of  chlorine.     If  the 


In  Tank- 
lixiviation. 

In  Trough- 
lixiviation. 

913  gals. 

1,129  gals. 

4,93.5    „ 

816    „ 

109  h.  30  m. 

15  h.  5  m. 

91,300  gals. 

112,900  gals. 

493,.500     „ 

81,600     „ 

0-25  oz. 

trace. 
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ore  be  cupriferous,  much  copper  will  be  carried  out  with  the  gold  solution 
(after  it  has  been  chlorinated),  colouring  it  green. 

An  application  of  the  leaching  process  to  the  pan-amalgamation  of 
very  base  ores,  which  has  been  invented  by  Mr.  Kustel,  deserves  notice. 
He  states  that  it  is  applicable  to  silver  ores,  like  those  of  Flint,  Idaho, 
containing  base-metals,  and  also  to  auriferous  copper  ores,  which  by 
their  nature  require  roasting,  as  the  amalgamation  of  gold  is  very  much 
obstructed  by  the  presence  of  copper  salts.  If  there  be  soluble  chloride  of 
silver  in  the  roasted  ore,  and  besides  this,  soluble  chlorides  of  copper,  lead, 
antimony,  and  zinc,  they  will  all,  as  a  matter  of  com'se,  be  decomposed 
and  amalgamated. 

All  take  part  in  consuming  and  flouring  the  quicksilver  and  in  destroy- 
ing the  pan,  such  a  combination  as  the  above  hindering  the  amalgamation 
of  the  silver  and  gold.  The  base-metal  chlorides  being  soluble  in  water, 
while  the  chloride  of  silver  is  not,  it  is  a  simple  expedient  to  dissolve  out 
these  salts  by  leaching  with  hot  water,  and  thus  remove  them  from  the 
ore,  prior  to  amalgamation.  The  ore  being  thus  divested  of  its  rebellious 
features,  gives  excellent  results  in  the  pans. 

LrxiviATiON  versus  Amalgamation. 

In  comparing  the  Eussel  process  with  amalgamation,  Mr.  Stetefeldt* 
enumerates  the  principal  pomts  in  favour  of  lixiviation  as  follows  : — 

1.  In  amalgamation,  the  coarseness  of  crushing,  without  considering 

the  question  of  roasting,  is  limited  by  the  capacity  of  the 
settler  to  work  off  coarse  sands  without  loss  of  quicksilver. 
In  lixiviation  pulverizing  as  coarse  as  possible  is  desirable. 

The  limit  of  coarseness  depends  on  the  character  of  the 
ore,  and  principally  upon  the  manner  in  which  the  silver- 
bearing  minerals  are  distributed  in  the  gangue. 

2.  The  original  cost  of  the  lixiviation-plant  is  much  lower  than 

that  of  pans  and  settlers,  and  a  further  saving  is  effected  by 
a  reduction  in  the  size  of  engines  and  boilers. 

3.  In  amalgamation  the  pans  and  settlers  consume  not  less  than 

Ij  horse-power  per  ton  of  ore.  The  power  for  pumping 
solutions,  etc.,  in  the  lixiviation  process,  is  merely  nominal. 

4.  In  large  mills  the  quantity  of  quicksilver  in  solution  repre- 

sents a  capital  of  30,000  to  40,000  dollars  (£6,250  to 
£8,333  6s.  8d.),  while  the  stock  of  chemicals  required  for 
lixiviation  costs  less  than  one-tenth  of  this  amount. 

*  The  Lixiviation  of  Silver  Ores,  page  i. 
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5.  With    the    Russel    improvements    the    percentage    of    silver 

extracted  by  lixiviation  is  in  most  cases  higher  than  by 
amalgamation. 

6.  Lixiviation  by  the  Russel  process  requires  a  less  careful  chlor- 

idizing-roasting,  and  in  consequence  a  lower  percentage  of 
salt  may  be  used  in  roasting. 

7.  Ores  that  can  be  successfully  treated  by  raw  amalgamation  give 

often  better  results  by  lixiviation  with  extra  solution. 

8.  The  value  of  the  quicksilver  lost,  and  cost  in  wear  and  tear  of 

the  pans  and  settlers  amounts  to  more  than  that  of  the 
chemicals  consumed  in  the  lixiviation  process. 

9.  The  lixiviation  process  permits  of  the  extraction  of  copper  and 

lead  as  valuable  bye-products. 

10.  Amalgamation  is  invariably  injurious  to   the  labourers'  health. 

11.  Where    gold-bearing   silver-ores  have  been  roasted  with    salt, 

Ikiviation  extracts  in  many  cases  more  gold  than  amalga- 
mation. 
The   disadvantages  of  lixiviation  as  compared  with  amalgamation 
are  : — 

1.  Lixiviation   requires   more   chemical    knowledge   and   a   more 

careful  supervision  of  the  operations. 

2.  The  handling  of  large  volumes  of  solutions  is  a  disadvantage 

common  to  all  humid  processes. 

3.  There  is  more  danger  of  losing  silver  by  careless  manipulation, 

and  by  leakage  of  badly  constructed  plant. 

4.  In  the  lixiviation  process  the  precious  metals  are  obtained  in  tlie 

form  of  sulphides.    The  conversion  of  the  latter  into  bullion, 

requires  more  skill  and  is  more  expensive  than  the  handling 

of  amalgam. 

The  chemistry  of  the  process  has  been  most  ably  discussed  and  dealt 

with  by  Mr.  Stetefeldt  and  Mr.  Ellsworth  Daggett,*  and  treated  of  in  the 

Report  of  the  Californian  State  Mineraloght,  1888,  which  contains  an 

independent  article  upon  the  hydro-metallurgy  of  silver,  as  well  as  a 

critical  review  of  the  Russel  process  by  Mr.  C.  H.  Aaron.f 

The  writer  gathers  from  these  various  sources  that  it  is  with  roasted 
ores  which  have  an  alkaline  reaction  caused  by  the  presence  of  caustic 
lime  (as,  for  example,  the  alkaline  arsenical  ores  of  Las  Yedras,  Sinaloa, 
Mexico,)  that  the  Russel  process,  as  compared  with  the  ordinary  Van 
Patera  process  (leaving  the  Kiss  process  out  of  the  question),  has 
*  Trans.  Am.  Ind.  Min.  Eng.,  vol.  xvi.,  page  362.  f  Page  832. 
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achieved  its  greatest  success,  but  it  is  possible  that  it  may  meet  with 
a  formidable  rival  iu  this  province  in  the  new  departure  of  pyritic 
smelting.* 

Looking  at  a  number  of  examples  that  are  given  it  would  appear  that 
the  extraction  iu  the  mill  by  the  Patera  process  shows  a  difference  in 
certain  instances,  in  favour  of  the  Russel  process,  of  22  to  30  per  cent,  of 
the  silver  extracted. 

A  table  given  by  Mr.  C.  H.  Aaron  also  shows  the  results  of  a  series  of 
competitive  mill-runs,  extending  over  eight  months  at  the  Ontario  MiU 
(on  Ontario  ore),  in  which  the  percentage  extracted  by  the  Eussel  process 
varied  from  8 4 '7  to  93*9  -per  cent,  (or  on  the  average  about  91'17  per 
cent.)  as  against  65"3  to  84*9  per  cent,  (or  on  the  average  77'4  per  cent.) 
extracted  by  amalgamation,  treating  ore  which  ran  about  47  ozs.  per  ton 
roasted.  The  tailings  from  the  amalgamation  still  carried  10*76  ozs,  per 
ton  on  the  average,  whilst  the  lixiviation-taihngs  only  ran  4*3  ozs. 

Experiments  at  the  same  works  from  November,  1887,  to  January, 
1888,  on  an  ore  which  ran  43"76  ozs.  in  silver,  showed  that  82*1  per  cent, 
was  extracted  by  amalgamation,  as  against  91*5  per  cent,  by  the  Russel 
process. 

On  the  whole,  however,  taking  the  results  of  five  different  nulls  it 
would  seem  that  whilst  amalgamation  gave  an  average  of  80*7  per  cent., 
the  Russel  process  averaged  89*4  per  cent.,  or  8*7  per  cent,  above  the 
results  of  amalgamation,  and  4*8  per  cent,  better  than  could  be  extracted 
with  ordinary  solution  making  the  latter  tests  in  the  laboratoiy. 

It  is  therefore  to  be  inferred  that,  in  the  case  of  certain  ores  which 
have  been  specified,  the  Russel  process  extracts  more  silver  than  amalga- 
mation, but  it  is  to  be  also  noted  that  in  the  case  of  four  of  the  mills 
taken  as  examples,  the  percentage  extracted  by  amalgamation  is  certainly 
10  per  cent,  less  than  in  many  mills  where  roasting-milling  is  practised, 
and  therefore  cannot  be  altogether  regarded  as  typical  of  the  capabilities 
of  the  latter  process  in  certain  cases. 

The  ore,  for  example,  of  the  Ontario  mine  is  very  base,  containing, 
as  before  pointed  out,  zinc,  lead,  and  silver  sulphides,  as  well  as  chlorides, 
in  a  quartz  gaugue,  and  therefore  the  comparative  success  of  the  process 
in  this  instance,  even  from  a  purely  chemical  standpoint,  scarcely  fore- 
shadows it  as  a  universal  fact. 

Next,  as  regards  capital  outlay,  Mr.  Stetefeldt  gives  the  cost  of  a  plant 
for  dry-crushing  and  roasting  80  tons  a  day  as  follows  : — 

*  It  is  to  be  regretted  that  more  details  of  the  cost  and  working  of  this  process 
are  not  at  present  available. 
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Buck-eye  engiae,  72  to  121  horse-power 
Knowles,  feed-pump,  No.  3 

Heater       

Air-pump  and  condenser 
Two  Krom  rock-breakers 

Three  double-shelf  dry  kilns      

Two  sets  Krom  26  inches  rolls 

Two  Krom  screens  ...         

Stetefeldt  furnace  

Hoist,  with  cage  and  safety-catches    ... 
Shaftings,  bearings,  pulleys,  wire-rope 

transmission    ... 
Electric    light    plant,     with     separate 

engine  for  dynamos   ... 
Belting 
Elevators,  conveyors,  feeders,  hoppers, 

cone-pulley 


Weight  in  Lbs 

Dollars. 

15,000      ... 

1,775-00 

640     ... 

275-00 

(      2,000     ... 

(     175-00 
j     4.50-00 

12.000     .. 

1,-500-00 

70,000     .. 

2,700-00 

29,000     .. 

4,.500-00 

1,200     ... 

800-00 

49,000     .. 

.3,000-00 

2,000     .. 

600-00 

18,000     ...       1,300-00 

1,700-00 

1,000-00 

1,000-00 

20,775-00      =     4,328     2     6 


(;,772-70 


1,310  19     7 


Add  the  cost  of  four  40  horse-power  high- 
pressure  boilers 

Add  the  cost  of  the  lixiviation-plaut 
proper,*  with  a  capacity  of  80  to  170 
tons  of  roasted  and  raw  ore,  if  the 
tailings  are  removed  by  sluicing ;  70 
to  140  tons,  if  the  tails  are  to  be 
shovelled 

Add  the  cost  of  painting  vats  and  tanks 
with  three  coats  of  white  paint,  say, 
746  lbs.  of  white  lead  and  41-7  gals, 
oil,  occupying  one  man  34  days  to 
lay  on 

Add  the  cost  of  plant  for  refining  sul- 
phides by  the  humid  process  esti- 
mated (erected)  at     ... 

Add  the  cost  of  grading  and  founda- 
tion to  the  mill  structure  and  plant 
it  contains  (which  it  is  only  pos- 
sible to  figure  in  accurately  by 
knowing  the  exact  quantities  of 
material  and  the  time  of  skilled  and 
ordinary  workmen  employed  on  the 
job)       

*  This  includes  finished  lumber  and  hoops  for  6  lixiviation-tanks,  3  storage- 
tanks,  and  6  precipitating-tanks,  1  sulphide  storage-tank,  2  solution-sumps,  cast  and 
wrought-iron  fixtures  for  vats  and  tanks,  pipes,  valve>,  steam-hose,  1  sodium 
sulphide  mixing  and  2  storage-tanks,  8  Kortiug  ejectors,  No.  4  Knowles  fire-pump, 
(size  A),  for  sluicing  tails;  Knowle  plunger-pump  for  pumping  solutions,  1  John- 
son 18  inches  filter-press,  1  Johnson  pressure- tank,  and  a  Knowles  feed-pump, 
No.  2,  for  boiler. 


5,000-00 


1,041   13     4 
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Add  finally  freight  and  transport 
charges,  depending  on  the  locality, 
and  it  will  be  found  that  the  total 
cost  is  not  so  far  short  of  a  pan- 
amalgamation  plant  of  the  same 
capacity  as  might  be  supposed        ...  ...         ...  ...  ... 

Now,  let  us  glance  at  the  working  expenses  of  rimniug  a  lixiviation- 

plant  which  are  given  by  Mr.  Stetefeldt  for  a  mill  of  80  tons  capacity 

per  day : — 

Fuel,  engine  and  boilers*  

Boiler  lixiviating-building  ...         

Dry  kiln  ore  and  salt  ...         

Stetefeldt  furnace,  depending  on  quality 

of  wood  and  character  of  ore    ... 
Sulphide  refinery  for  roasting,  refining,  and 
melting  bars  in  a  reverberatory  furnace 

Total     ... 


Cords  of  Wood. 

Tons  of  Coal. 

5  to  6 

2ito3 

3 

U 

H 

If 

6^  to  Si 


The  cost  of  labour 

No. 
Engine  and  boilers  .. 

»)  >!  •• 

Ore-house       

,,  ...        .. 

Dry  kilns 


Kolls 

Stetefeldt  furnace 
Cooling-floor... 
Lixiviations  ... 


Refinery 
MiU    ... 


19  to  22 
per  day  would  be  as  follows : — 

of  Workmen.  Hours  of  Work. 

.     2  engineers  ...         ...         ...         ...         ...         ...  12 

.     2  firemen      ...         ...         ...         ...         ...         ...  12 

.     2  rock-breakers        ...         ...         ...         ...         ...  10 

.     2  wheeling  ore         ...         ...         ...         ...         ...  10 

.     4  bringing  ore  from  ore-house  and  charging  kilns  12 

2  discharging  kilns ...         ...         ...         ...         ...  12 

.     2  fii'emen  also  attending  salt-kilns  and  assisting 

rolls        12 

2  machinists...         ...         ...         ...         ...         ...  12 

3  firemen       ...         ...         ...         ...         ...         ...  8 

12  discharging,  cooling,  and  charging  vats  ...  8 

2  lixiviators  ...         ...         ...         ...         ...         ...  12 

3  helpers         ...         ...         ...         ...         ...         ...  12 

2  precipitators  12 

2  firemen  on  boilers,  pumps,  and  pipes  ...         ...  12 

2  handling  sulphides  ...         ...         ...         ...  12 

2  roasters  and  refiners         ...         ...         ...         ...  10 

1  night  foreman        ...         ...         ...  12 

1  machinist    ...         ...         ...         ...         ...         ...  10 

1  carpenter    ...         ...         ...         ...         ...         ...  10 

1  blacksmith  ...         ...         ...         ...         ...  10 

i  general  helps         12 

1  assayers'  help        ...         ...         ...         ...         ...  12 

1  blacksmith's  help...         ...         ...         ...         ...  10 

1 
1 
1 
1 


machinist    ... 

carpenter    ... 

blacksmith 

general  helps         

assayers'  help 

blacksmith's  help... 

electrician...         ...         ...         ...         

bookkeeper 

assayer 

chief  metallurgist  ...         ...         ...         ... 

„       ...         ^  chief  mining  engineer     ... 

„       ...         ...         ...     2  men  and  team  hauling  wood 

Total  ...  62 i 

*  It  is  assumed  that  1  cord  of  wood  is  equal  in  eflEect  to  1,000  lbs.  of  coal. 


Per  Ton  of  Ore. 
Lbs. 

...     1-8 

to  9-6 

...      1-5 

to  7 

...      1-4 

to  7-75 

...     0-9 

to  5 

...     0'25 

to  1-80 
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The  daily  consumption  of  chemicals  is  as  follows : — 

Copper  sulphate  

Sodium  hyposulphite  ... 

Caustic  soda 

Sulphur... 

Sulphuric  acid 

The  water  required  is  from  9  to  55  cubic  feet  per  ton  of  ore,  exclusive 
of  that  used  for  sluicing  tailings. 

The  cost  of  wear  and  tear  to  cover  all  ordinary  breakages,  and  wear 
and  tear  of  machinery,  boilers,  screens,  dry  kilns,  furnaces,  lixiviation- 
plant,  and  refinery,  including  lubricants,  electric  light,  and  sundries,  is 
about  £7  5s.  lOd.  per  day.  For  plants  of  small  capacity  the  expenses 
per  ton  of  ore,  for  labour,  are,  of  course,  materially  increased.  To  the 
above  must  be  added  insurance,  taxes,  interest,  legal  expenses,  etc.,  and 
amortization  on  the  capital  invested  in  the  mill. 

The  total  expenses  at  Cusi,  Mexico,  including  refining,  are  said  to 
have  been  £2  10s,  4d.  per  ton,  using  the  Russel  process. 

For  roasted  ore  at  the  Sierra  Grande  mill.  Lake  Valley,  the  total  mill 
expenses  for  60  tons  per  day  were  estimated  by  the  general  manager, 
Mr.  Hadley,  at  19s.  4d.  per  ton. 

At  Parral,  Mexico,  the  total  expenses  for  the  treatment  of  tailings 
(from  ore  which  had  originally  been  roasted  and  lixiviated  by  the  ordinary 
process)  were  8s.  9d.  per  ton  for  10  tons  per  day.  Treating  roasted  ores 
at  the  rate  of  10  tons  per  day  the  total  expenses  were  £1  18s.  l|d.  per  ton. 
The  cost  of  raw-leaching  tailings  at  Silver  Eeef,  Utah,  treating  25 
tons  per  day  (the  tailings  assaying  6^  to  9|  ozs.  of  silver  but  no  gold),  is 
given  by  Mr.  Egleston*  as  6s.  lO^d.  per  ton,  the  percentage  extracted 
averaging  55  to  60  per  cent.  The  presence  of  copper  carbonate  in  these 
ores  caused  the  sulphides  to  have  a  low  percentage  of  silver  (3,560  ozs. 
per  ton)  and  a  high  tenour  of  copper. 

Treating  tailings  from  amalgamation-works  at  Silver  City,  concen- 
t  rated  up  to  30  ozs.  per  ton  silver,  it  is  asserted  that  the  Van  Patera 
process  only  extracted  38  per  cent,  against  72"J:  obtained  by  the  Russel 
process. 

Mr.  Stetefeldt  states  that  in  a  well-constructed  lixiviation-mill  the 
total  expenses  for  treating  75  tons  of  raw  ore  per  day  should  not  exceed 
12s.  6d.  per  ton,  and  under  favourable  circumstances  should  fall  as  low 
as  10s.  5d.  per  ton,  particularly  if  the  crushing  were  done  by  rolls  instead 
of  stamps. 

*  Metallurgy  of  Silver,  page  532. 
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The  chemicals  required  to  be  carried  iu  stock  for  a  lixiviatiou-plant 
of  80  tons  daily  capacity  are  estimated  in  an  assumed  case  as  amounting 
to  about  £878  Os.  2d.,  to  last  for  60  days,  including  sodium  hyposulphite 
in  stock  solution. 

Mr.  Stetefeldt,  page  213,  says :  "  The  Ontario  mill  expenses  are  about 
£2  14s.  2d.*  per  ton.  those  for  lixiviation  would  be  about  £1  Os.  lOd.  to 
£1  OS.  less,  or  a  difference  in  favour  of  the  Russel  process  of  £1  Os.  lOd. 
to  £1  5s.  in  expenses,  which,  together  with  the  additional  extraction 
of  17s.  l.^d.,  would  make  a  total  net  difference  of  £1  17s.  6d.  to  £2  Is. 
8d.  per  ton  in  favom"  of  lixiviation." 

As  ah'eady  remarked,  however,  in  this  the  favourite  instance  taken 
for  comparison  of  the  two  processes,  the  mill  extraction  by  amalgamation 
is  not  nearly  so  high  as  it  might  be,  and  in  the  same  way  the  cost,  is 
nearly  12s.  6d.  above  the  average  of  many  amalgamation- works.  Com]>are, 
for  example,  the  ex|ienses  of  mill  B  of  the  Grranite  Mountain  Co.  (43 
stamps)  for  the  year  ending  July  3rd,  1891,  and  it  will  be  found  that  the 
milling  charges  did  not  exceed  £2  4s.  8d.  jjer  dry  ton,  treating  19,463 
tons  di-y,  whilst  in  the  case  of  the  Elkhom  mill,  which  treated  11,645  tons, 
the  cost  was  only  £1  18s.  5;^. 

If  one  compares  the  amount  of  labour  required  in  a  lixiviation  and  an 
ordinary  amalgamation-mill  in  places  where  labour  is  dear,  save  in 
some  exceptioi:al  cases,  liNiviation  must  be  the  more  costly  process  of  the 
two,  ;ind  it  is  in  fact  in  countries  like  Mexico,  where  the  conditions  in 
this  and  other  respects  are  favourable  that  it  will  find  its  widest  adoption, 
until  the  labour  costs  common  to  all  processes  of  the  kind  can  be  reduced 
considerably. 

In  confirmation  of  this  statement  the  writer  may  cite  the  Geddes  and 
Bertrand  mill,  Xevadaf  (an  ordinary  lixiviat ion-plant  dealing  with  50  to 
60  tons  per  day),  the  staff  of  which,  when  running,  consisted  of  60  men, 
whose  wages  amounted  to  £30  63.  3d.  per  day.i  The  cost  of  hxiviation 
milling  (using  roUs)  came  to  £1  7s.  Id.  per  ton,  and  13s.  8^d  to  £1  Os.  2d. 
in  silver  was  still  left  in  the  tub-tailings. 

Whilst  leaching  is  doubtless  applicable  to  certain  ores  in  certain 

*  Mr.  EglestoQ  gives  the  actual  running  expenses,  treating  Ontario  ore  by  amal- 
gamation on  a  production  of  50  tons  per  day  as  .€3  2s.  7d.,  agreeing  with  Mr. 
Eothwell's  figures.  These  works  seem  in  fact  to  have  employed  an  exceptionally 
large  staff  for  a  4(>  stamp  mill,  viz.,  66  to  72  men. 

t  The  failure  of  amalgamation  appears  to  have  been  due  to  the  presence  of 
antimoniate  of  lead  in  the  ore. 

X  Egleston,  "Leaching  Gold  and  Silver  Ores  in  the  West."'  Tranx.  Am.  Inst, 
Mill.  Lng.,  vol.  xii.,  page  40. 
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localities,  it  is  always  a  process  which  involves  highly  skilled  superin- 
tendence and  chemical  supervision,  otherwise  veiy  serious  losses  may  be 
incurred  in  roasting,  leaching,  and  precipitating  the  metals,  and  in  this 
way  alone  the  possible  profit  to  be  gained  by  employing  it  may  easily  be 
converted  into  a  positive  loss. 

Treatment  of  the  Sulphides  obtained  from  the  Eussel  Process. 

One  of  the  great  drawbacks  of  the  E,ussel  process  which  has  been 
referred  to,  and  which  is  common  to  other  Hxiviatiou  processes  yielding  a 
base  precipitate,  viz.,  the  treatment  of  the  sulphides  of  lead,  copper,  iron, 
silver,  and  gold,  produced  by  precipitation  with  alkaline  sulphides,  is 
now  believed  to  have  been  overcome  by  a  process  invented  by  Mr.  Cabell 
Whitehead.  This  new  mode  of  treatment,  it  is  stated,  can  be  effected  at 
a  cost  of  1 J  cents  per  ounce  of  contained  silver,  at  the  same  time  avoiding 
the  frequent  loss  of  silver  that  other  methods  entailed. 

Refining  on  a  cupellation  hearth  (the  old  method  which  is  still  in  use 
in  several  mills)  has  the  disadvantage  of  causing  large  losses  of  silver  by 
volatilization  in  the  previous  roasting,  and  the  locking  up  and  eventual 
loss  of  a  portion  of  the  silver  in  slags,  cupel-bottoms,  and  matte. 

From  80  per  cent,  to  90  per  cent,  only  of  the  silver  charged  was 
obtained  in  the  shape  of  bars.  I'he  rest  would  be  in  greyish-black 
copper-lead  silver  matte,  which  would  be  formed  early  in  the  operation  in 
the  pasty  slags  which  it  was  impossible  to  get  rid  of,  and  again  the 
precious  metals  had  a  most  pernicious  faculty  of  sinking,  not  only  into 
the  cupel- bottoms,  but  below  even  iuco  the  iron-pan  and  into  the 
surrounding  brickwork.  All  these  products  had  to  be  treated  again,  or 
shipped  direct  to  a  smelter.  If  they  were  shipped  differences  ia  assays, 
and  possible  losses  were  bound  to  occur,  as  the  products  contained  shot 
silver.  If  the  sulphides  were  charged  upon  the  bath  without  undergoing 
a  previous  roasting  under  the  mistaken  idea  of  preventing  the  loss  of 
silver  by  volatilization,  the  same  troubles  occurred  in  even  a  more  pro- 
nounced degree.  If  the  company  shipped  its  sulphides  direct  to  smelt- 
ing or  refining  works,  it  avoided  the  great  losses  of  this  crude  process, 
but  incurred  heavy  expenses  and  discounts,  amounting  to  as  much  as  10 
per  cent,  on  an  average,  in  the  case  of  a  Mexican  mine. 

At  present  interest  centres  on  two  new  processes,  the  one  above 
aUuded  to,  invented  by  Mr.  Cabell  Whitehead.  This  process  is  confined  to 
the  treatment  of  the  sulphides  as  they  are  found  in  the  precipitation  tubs 
of  a  lixiviation  plant.    Its  details  have  not  yet  been  made  pubhc,  but  it  is 
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stated  that  its  success  has  been  experimentally  demonstrated,  and  the 
refining  department  of  the  Marsac  mill  of  the  Daly  Mining  Co.,  has  been 
remodelled  with  a  view  to  its  adoption. 

The  other  process  aims  to  get  at  the  root  of  the  diflBculty  by 
precipitating  electrolytically  on  zinc  plates.  Its  success,  whilst  doubtful, 
must  yet  be  proven  before  it  is  entitled  to  serious  consideration.* 

Examples  of  the  Russel  Process. 

The  careful  preparation  of  the  ore  by  a  thorough  chloridizing-roasting 
appears  to  be  one  of  the  chief  points  on  which  the  success  of  the  Eussel 
process,  in  such  cases  as  it  may  be  applicable,  turns.  It  does  not  appear 
to  be  adapted  for  the  treatment  of  ores  containing  metallic  silver,  which 
is  comparatively  insoluble  in  cuprous  hyposulphite.  An  account  of  the 
results  of  the  process  at  two  of  the  works  where  it  has  achieved  its  most 
successful  results  may  be  of  interest. 

For  a  description  of  its  working  at  Las  Yedras,  Sinaloa,  Mexico,  the 
writer  is  indebted  to  an  article  in  The  Enfjineering  and  Mining  Journal, 
New  York,  dated  January  14th,  1893,t  contributed  by  Mr.  E.  F.  Letts. 
The  Yedras  mine  of  the  Anglo-Mexican  Mining  Company  is  situated  in 
the  north-eastern  comer  of  Sinaloa. 

A  40  stamp  mill  and  a  lixiviation-plant  to  use  the  Patera  or  Kiss 
processes  was  erected  in  1882.  Poor  results  were  obtained,  and  the 
Bruckner  furnaces  which  had  been  introduced  were  abandoned  for  the 
cruder  but  more  satisfactory  reverberatory,  as  the  latter  did  not  ball  or 
agglomerate  the  roasted  ore.  It  is  estimated  that  the  Patera  process  did 
not  save  over  6.5  per  cent,  of  the  silver  in  the  roasted  ore. 

The  following  are  two  analyses  of  Yedras  ore,  representing  the  averages 
of  the  ore  treated  at  different  periods : — 

Carbonate  of  lime... 

Silica  

Iron  ... 
Sulphur 

Arsenic  

Zinc  ...  

Lead...  ...         ...         , 

Magnesia  ... 
Alumina 

No.  1  is  an  analysis  of  the  average  battery  sample  for  one  month.  The 
composition  of  the  ore  varies  greatly.     A  couple  of  months  later,  analysis 

*  The  Engineering  ond  Mining  Jimrval,  New  York,  February  25th,  1893, 
page  169.  f  Page  34. 


No.  1. 

No.  2. 

S3-78 

46-50 

15-13 

25-00 

17-33 

9-80 

13-31 

12-50 

9-82 

2-50 

4-92 

— 

1-78 

— 

2-58 

"  — 

1-35 

— 
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No.  2  was  made ;  the  battery  samples  for  several  weeks  showed  4  per 
cent,  of  zinc,  and  two  months  later  contained  a  large  percentage  of 
antimony. 

The  results  by  using  the  Patera  process  were  as  follows : — Assay  of 
ore,  60*67  ounces  per  ton  ;  extraction  in  assay  office,  72'09  per  cent. ; 
extraction  in  mill,  67'12  per  cent. ;  total  leaching  time,  92  hours. 

By  the  Bussel  process  the  results  were  as  follows : — Assay  of  ore,  5.5-3 
ounces  per  ton ;  extracted  by  old  process  in  assay  office,  69'94  per  cent. ; 
extracted  by  Eussel  process  in  assay  office,  83*62  per  cent. ;  extracted  by 
Russel  process  in  mill,  82*44  per  cent. :  leaching  time,  76  hours. 

It  will  thus  be  seen  that  the  extraction  by  the  Eussel  process  was 
1.5'32  per  cent,  higher  than  by  the  old  process,  and  that  the  leaching  time 
was  16  hours  shorter.  The  chemicals  consumed  per  ton  of  ore  were  as 
follows : — 


Lime 

Old  Process. 
Lbs. 

9-7 

Russel  Process. 
Lbs. 

Sulphur        

Hyposulphite  of  soda 
Bluestone    ... 

4-7 

.3-6 
1-4 
9-6 

Caustic  soda           

— 

5-5 

Total 

...       14-4 

20-1 

Cost  per  ton 

...       |0'52  = 

2s.2d 

$2-20  =  9s.  2d 

Since  these  runs  were  made,  the  consumption  of  chemicals  has  been 
reduced  to  9*14  lbs.  \ev  ton  of  ore  and  the  cost  to  0*82  dollars. 

Owing  to  the  great  distance  from  the  railroad,  the  price  of  chemicals 
in  Yedras  is  of  course  considerably  greater  than  at  most  places  in 
the  United  States  or  at  many  localities  in  Mexico.  The  average  cost  of 
chemicals  per  lb.  at  Yedras  for  the  last  three  years  is  as  follows : — Hypo- 
sulphite of  soda,  8  cents;  bluestone,  10  cents;  caustic  soda,  9*1  cents; 
and  sulphur,  7*1  cents.  No  soda  ash  (sodium  carbonate)  is  used  at  Yedras 
as  there  is  usually  no  lead  in  the  ore.  The  total  cost  of  all  chemicals  at 
Yedras  in  1890  was  3*6  cents  per  ounce  of  silver  produced.  Of  the  copper 
used  in  the  form  of  bluestone  about  50  per  cent,  remains  in  the  ore. 

During  the  past  five  years  the  comparative  efficiency  of  the  two  pro- 
cesses at  the  Yedras  mill  has  been  tested  four  times.  The  duration  of 
each  of  these  tests  was  from  one  to  three  months.  Two  methods  were 
pursued  in  making  these  comparative  iTins.  One  was  to  divide  the 
roasted  ore  equally  between  the  two  processes,  running  one-half  the  ore 
vats  and  precipitating-tanks  on  the  old  process  and  the  other  half  by  the 
Eussel  process,  the  products  being  kept  entirely  separate,  and  the  tailings 
from  each  process  thrown  out. 
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By  this  method,  however,  there  is  a  loss  of  8  or  ]  <»  ounces  per  ton  on 
all  ore  treated  by  the  old  leaching  process,  as  that  amount,  which  mioht 
be  extracted  by  the  Eussel  process  if  it  were  used  on  the  same  charges 
after  the  old  process,  remains  in  the  tailings. 

In  the  other  method  all  the  charges  are  treated  first  by  the  old  process, 
that  is,  by  the  simple  hyposulphite  solution,  until  no  more  silver  can  be 
extracted,  the  sulphides  being  precipitated  by  themselves  and  kept 
separate.  Then  these  same  charges  of  ore  are  treated  by  the  Russel 
process,  that  is,  by  cuprous  hyposulphite  or  extra  solution.  The  pre- 
cipitates from  this  solution  are  likewise  kept  separate.  Tn  this  way 
a  comparison  between  the  two  processes  is  made  without  any  loss,  each 
charge  of  ore  having  the  benefit  of  being  treated  by  both  processes  before 
it  is  thrown  out.  In  fact,  this  is  the  way  all  the  ore  is  treated  at  Yedras, 
all  charges  being  first  treated  by  the  old  method,  and  then  by  the  Russel 
process. 

The  first  of  the  two  comparative  nins  was  made  by  Mr.  Letts  between 
the  two  processes  in  September,  1890  ;  the  test  lasting  a  month. 

An  extract  from  his  report  to  the  Anglo-^Iexican  Company  runs  as 
follows  : — "  Our  intention  was  to  give  the  old  process  every  possible  show. 
Great  care  was  taken  to  keep  the  precipitates  separate,  both  at  the  begin- 
ning and  end  of  the  month.  During  the  month  no  experiments  or  extra 
clean-up  was  carried  out.  In  making  the  test  we  allowed  the  old  process 
to  take  out  aU  it  could  take,  /.e.,  we  ran  the  vats  (by  the  old  process)  so  long 
as  sodium  sulphide  would  show  the  least  trace  of  silver  in  the  solution. 

When  the  old  process  would  not  take  any  more  silver  out,  the  extra 
solution  of  the  Russel  process  was  applied,  and,  as  in  the  case  of  the  old 
process,  was  run  as  long  as  sodium  sulphide  showed  any  trace  of  silver." 

The  actual  clean-ups  from  the  two  processes  were  as  follows  : — 

Ounces. 

Extracted  by  the  old  leaching  process 26,361-42 

Additional  extracted  by  the  Eussel  process      o,08S"76 


Total  produce        31,450-18 

Per  cent,  of  total  produce  extracted  by  old  process     ...  83"8 

Per  cent,  of  total  produce  extracted  by  Russel  process  16-2 

The  total  additional  cost  of  the  Russel  process,  or,  in  other  words,  the 
extra  expense  of  producing  5,083*76  ounces  over  the  cost  of  the  old 
process  was  as  follows  : — Chemicals,  632'50  dollars  ;  fuel,  21-21  dollars  ; 
extra  help,  etc.,  155-CO  dollars;  total,  809-31  dollars  (£166  14s.  7id.). 
At  the  then  price  of  silver,  the  5,088"76  ounces  equalled  5,852-07  dollars. 
Deducting  the  above  expenses  5,042*76  dollars  (£1,050  lis.  6d.)  is  left 
as  the  net  profit  per  month  due  to  the  extra  treatment. 
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Another  test  was  carried  out  during  the  month  of  r^ovember,  1890. 
In  this  run  the  total  cost  of  chemicals  per  ton  was  95  cents  (3s.  ll^d.). 
Of  the  total  number  of  ounces  extracted,  the  old  process  took  out  80'29 
per  cent.,  and  the  Russel  process  the  remaining  19*71  per  cent.  The 
additional  ounces  of  silver  extracted  by  the  Russel  process  over  the  old 
process  were  7, 6.5:^*7,  or  (with  silver  at  1*025  dollars  (4s.  3^d.)  per  ounce) 
7,84o*04  dollars,  making  a  net  profit  due  to  the  use  of  the  Russel  system 
of  about  7,000  dollars  per  mouth. 

All  the  tailings  which  have  been  produced  at  the  Yedras  mill,  by  the 
old  process  before  the  introduction  of  the  Russel  process  in  1887,  have 
now  been  treated  by  the  latter.  The  tailings  are  brought  from  the  old 
dumps  where  they  were  thrown  out  in  former  years,  and  are  charged  direct 
to  the  leaching  vats  without  any  drying,  roasting,  or  other  treatment. 
Like  the  charges  of  ore,  they  are  leached  with  water  in  order  to  remove 
the  small  percentage  of  soluble  salts  present ;  this  washing  requiring 
about  four  hours.  A  small  percentage  of  ordinary  hyposulphite  solution 
is  then  applied,  since  the  volume  of  the  extra  solution  is  only  enough 
to  saturate  the  charge,  and  as  it  would  become  diluted  to  some  extent 
with  the  wash- water  if  it  followed  it,  the  small  volume  of  ordinary  solution 
is  interposed. 

As  in  treating  ore,  this  extra  solution  amounts  to  13  cubic  feet  per 
ton.  It  is  followed  by  more  of  the  hyposulphite  solution  to  extract  any 
silver  which  has  been  made  soluble  by  the  extra  solution,  but  which  has 
not  passed  out  of  the  charge  with  it,  remaining  mechanically  held  in 
the  pulp. 

The  total  quantity  of  tailings  from  the  old  leaching  process  at  Yedras, 
which  have  been  re-treated  by  the  Russel  process,  is  between  30,000  to 
40,000  tons.     The  following  table  shows  the  results : — 


Year. 

Ounces. 

Extraction 

Old 
Process. 
Per  Cent. 

in  Assay  Office. 

Russel 

Process. 

Per  Cent. 

Apparent 

Extraction 

in  Mill. 

Per  Cent. 

Actual  Extrac- 
tion by  Russel 
Process. 
Per  Cent. 

1888       . 

..       19-49       . 

..        37-40 

...        62-70 

.        60-14       . 

.        62-74 

1889       . 

..       17-23 

..       32-17 

...        57-20        . 

55-95 

.       60-14 

1890       . 

..       13-46 

..       38-48 

...       49-26       . 

.       48-37       . 

..       46-84 

In  the  above  table,  apparent  extraction  in  mill  is  obtained  by  com- 
paring the  value  of  the  final  tailings  from  the  Russel  process  with  the 
old  tailings,  as  charged  to  the  leaching-vats  (taking  also  into  account  any 
soluble  salts). 

Actual  extraction  in  mill  is  obtained  by  comparing  the  clean-uj)  in 
silver  with  the  silver  actually  charged  to  the  vats.  The  chemicals  used 
per  ton  of  ore  during  these  three  years  were  as  follows  : — 
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Year. 
1888     . 

Hypo- 
sulphite. 

Lbs. 
..    2-08    .. 

Blue- 
stone. 
Lbs. 
.    6-32    . 

Caustic 
Soda. 

Lbs. 
..     5-54     . 

Sulphur. 

Lbs. 
.    3-30    .. 

Total 

Chemicals 

per  Ton. 

Lbs. 

.     16-24    . 

Cost  of 

Chemicals 

per  Ton. 

Collars,  s.  d. 

.    1-45     6   Oi  . 

Ounces 

of  Silver 

Extracted 

per  Ton. 

..     12-23 

1889    . 

..    1-62    .. 

5-11     . 

..    3-13    . 

.    2-69    .. 

.    12-55    .. 

.  1-12    4  8    . 

.      9-75 

1890    . 

..     1-07    .. 

4-06    . 

..    2-48    .. 

.    1-71    .. 

.      9-32    .. 

.  0-82    3  5    . 

.      6-30 

For  a  description  of  the  Russel  process  at  the  ]\Iarsac  mill,  Park  City, 
Utah,  the  writer  is  indebted  to  an  article  by  Mr.  W.  G.  Lamb  in  The 
Engineering  and  Mining  Journal^  New  York,  of  December  17th,  1892.* 
It  was  started  at  these  works  on  January  1st,  1889,  suijerseding  amal- 
gamation at  the  end  of  that  year.  The  statistics  of  amalgamation  to 
which  reference  is  made  are  from  the  Ontario  mill  in  the  same  camp. 

In  that  mill,  amalgamation  has  been  in  contuiuous  use  since  its  start 
in  January,  1887.  As  the  wages  and  prices  of  fuel  and  supplies  are  the 
same  for  the  two  mills,  a  comparison  of  statistics  is  of  value  in  deter- 
mining the  general  efficiency  and  economy  of  the  two  processes,  dealing,  it 
should  be  added,  with  the  same  classes  of  ore,  as  the  accompanying  analyses 
indicate.  The  properties  of  the  two  companies,  the  Ontario  and  Daly, 
adjoin,  and  are  in  fact  on  the  same  vein.  The  equipment  of  the  two 
mills  and  the  staff  employed  are  as  follows  : — Ontario,  2  rock-breakers, 
2  rotatory  driers,  40  ore-stamps,  10  salt-stamps,  2  Stetefeldt  furnaces,  24 
pans,  12  settlers,  71  mill  men.  Marsac,  1  rock-breaker,  2  rotatory  driers, 
30  ore-stamps,  5  salt-stamps,  1  Stetefeldt  fm'nace,  6  (16^  feet)  ore-vats, 
8  (9  feet)  precipitating-tanks,  51  mill  men. 

In  the  above  connexion  it  is  to  be  noted  as  before  remarked  that  the 
labour  item  compared  with  figures  given  elsewhere  appears  unusually  high 
at  the  Ontario  for  a  40  stamp  amalgamating-battery,  and  correspond- 
ingly low  for  a  lixiviation-plant  of  the  same  size,  if  the  whole  of  the  staff 
be  included  in  both. 

The  analyses  and  values  of  the  ore  treated  at  the  Ontario  and  Marsac 
mills  for  1891  are  as  follows  (the  samples  on  which  these  analyses  were 
made  being  composed  of  all  the  battery  samples  taken  each  day  during  the 
entire  year)  : — 


Silica      

Ontario. 
75-0 

Marsac     - 

76-60 

Zinc        

5-73 

5-30 

Lead       

1-80 

3-50 

Iron        

2-80 

1-65 

Sulphur 

2-23 

0-70 

Lime       

1-76 

1-32 

Magnesia 

0-23 

trace. 

Copper   

0-29 

0-39 

Silver  (ounces)... 

39-50 

39-10 

Gold  (ounces)  ... 

0-044 
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($0-91)  ... 

0-044  (10-91=  3s.  9^.) 
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The  following  table  gives  the  crushing  statistics  for  1891 : — 

Rate  of  Rate  of 

Mill.                               0--                  Bat?^rTrun.          ^i^^^ot      Cru.^>ins  per  ^^n^h^-; 


Screen.  Day. 


per  Day. 


Tons.  Days.  Tons.  Tons.' 

Ontario  (40  Stamps)...        25,6.50      ...        341-8      ...       26     ...      75-0       ...         1-87 
Marsac  (30  stamps) ...        24,214      ...        347-0      ...       20     ...      700       ...         233 

The  above  difference  in  rate  of  crushing  per  stamp  is  probably  not 
due  entirely  to  difference  in  mesh  of  screen,  for  Ontario  ore  may  not 
crush  so  fast  as  Daly,  even  in  the  same  battery  and  with  the  same  mesh 
of  screen.  Here  again  we  have  a  matter  which  may  affect  the  relative 
results  (supposing  one  process  replacing  the  other)  in  regard  to  cost. 

The  Ontario  product  in  bars  of  bullion  averaged  425  fine  in  silver  and 
0"250  fine  in  gold ;  it  contained  also  57*5  per  cent,  cojiper.  The  Daly 
precipitates,  including  those  from  the  wash-water,  but  not  the  lead  car- 
bonate product,  averaged  313  fine  in  silver  and  0"260  fine  in  gold ;  they 
contained  15*3  per  cent,  copper. 

The  cost  of  marketing  the  product  was  3'47  cents  per  ounce  for 
Ontario  bullion  and  3*45  cents  per  ounce  for  Marsac  sulphides.  The 
price  obtained  was  97*55  cents  per  ounce  for  silver  in  Ontario  bullion  and 
97  cents  for  that  in  Marsac  sulphides.  In  the  Marsac  sulphides  shipped, 
20'67  cents  per  ounce  was  received  for  the  contained  gold,  against  nothing 
for  that  contained  in  Ontario  bullion. 

The  following  is  the  consumption  of  water,  chemicals,  iron,  and  power 
per  ton  of  ore  at  the  Ontario  and  Marsac  mills  : — 

Machinery 

Expenses. 

Dollars. 

0-31 

0-07 

The  consumption  of  chemicals  has  increased  since  1890  owing  to  the 
adoption  of  hot-solutions.  The  production  increased  2 '8  per  cent,  how- 
ever, and  while  the  total  cost  was  increased  7,339*98  dollars  the  net  gain  in 
extraction  after  deducting  the  extra  cost  amounted  to  18,478'92  dollars. 

The  following  are  some  additional  details  of  work  at  the  Marsac  and 
Ontario  mills  in  1891,  when  the  30  stamp  Marsac  mill  crushed  24,215 
tons  of  ore  through  a  20  mesh  screen  against  25,650  tons  through  a  26 
mesh  screen  at  the  40  stamp  Ontario  mill : — 


MiU. 
Ontario 

Water       Chemicals  and  Mercury. 
Cubic  Feet.               Dollars. 

400      ...      i-;-;i5 

Iron. 
Lbs. 
5-5 

Power.  * 
Horse-power 

108 

Marsac 

56        ...        0-924 

0-05 

8 

»E11. 
Ontario  (cords  of  wood)  . . 

Fuel. 
Per  Ton. 
Dollars. 
.       0-153 

Salt  used 

in  Roasting. 

Per  Cent. 

..      13-y      .. 

Labour,  t 

Dollars. 

0-4(1 

Extraction 
of  Silver. 
Per  Cent. 

..       90-8 

Marsac  (tons  of  coal) 

.      0-087 

8-26     .. 

0-31         . 

91-8 

*  This  is  for  power  for  driving  pans  and  settlers  at  the  Ontario,  and  for  stirring 
and  handling  solution  and  grinding  sulphides  at  Mar.'sac. 

f  Includes  that  on  the  pans,  amalgam,  and  bullion  at  Ontario  ;  and  on  vats  and 
shipment  of  sulphides  at  Marsac, 
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During  1892,  up  to  December  1st,  the  percentage  of  salt  used  at 
Ontario  had  been  increased  to  14*2  per  cent.,  and  that  at  Marsac  9*5  per 
cent.  The  extraction  at  the  Ontario  mill  remained  at  90*8  per  cent.,  and 
that  at  the  Marsac  91*9  per  cent.  It  is  probable  that  the  extraction  at 
the  latter  works  would  be  increased  if  the  cooling  floor-space  were  enlarged, 
so  as  to  allow  the  ore  to  cool  without  wetting  down.  This  would  increase 
the  expense,  it  is  estimated,  by  only  13  cents  per  ton. 

The  following  is  the  detailed  annual  cost  of  the  lixiviatiou  department 
at  the  Marsac  mill : — 

Dollars.  Dollars,    s.     d. 


Labour — 

1    foreman, 

$5-00 ;     3     leachers,     $4-00 ;     3 

shovellers 

,      $3-00 ;      1    pressman,      $3-50  ; 

1    labourer, 

$1-50             

16,790-00    .. 

..    0-6934  =  2 

101 

Chemicals — 

Dollars.        Dollars. 

Hyposulphite  ., 

..     152,808  lbs.  at  -0362  =  5,531-64 

Bluestone 

.       78,569  lbs.  at  -0611  =  5,036-27 

Caustic 

.     119,741  lbs.  at  -0555  =  6,645-62 

Sulphur 

.       80,486  lbs.  at  -0257  =  2,068-49 

Soda  ash 

.       22,309  lbs.  at  -0317  =      707-19 

19,989-00    . 

..    0-8255  =  3 

H 

Repairs — 

1    machinist 

,   §4-00 ;   materials  and   supplies. 

$2-50  per 

day 

2,372-50    ., 

..    0-0979  =  0 

4f 

Power 

3,139-89    .. 

..    0-1297=0 

6* 

Assay  office 

2,008-82    ., 

,.    0-0830  =  0 

H 

Total  cost      §44,350-21   ...  $1-8295  =  7    7| 

Figures  for  the  following  comparison  of  the  Ontario  and  Marsac 
results  for  1891  are  taken  from  the  respective  reports  of  the  Ontario  and 
Daly  mining  companies  : — 


Dollars.  Dollars.  £    s.     d. 


Ontario — 

Cost  of  milling  per  ton 

8-93 

Product  expense      

1-23 

10-16      = 

2 

2 

4 

Marsac — 

Cost  of  milling  per  ton 

6-27 

Product  expense     

l-23i 

7-501   ^ 
...     2-66     = 

1 

11 

3 

Difference  in  favour  of  Marsac    .. 

0 

11 

1 

Ontario — Mill  extraction          

.       91-00  o/o 

Marsac                 „                         

.       91-57  „ 

Diflference  in  favour  of  Marsac     ... 

0-57  „ 

=  0-211   = 

0 

0 

lOi 

Ontario — Realized  from  gold 

0-00 

Marsac            „            ,,              

0-63i 

Difference  in  favour  of  Marsac     .., 

0-631   = 

0 

0 

7^ 

Total  difference  claimed  in  favour 

of  Russel  orocess        3-51     =     0  14 
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This  total  difference  of  3'51  dollars  would,  it  is  asserted,  have  made 
a  saving  of  91,057  dollars,  had  the  Ontario  ore,  amounting  to  25,650  tons 
in  1891,  been  treated  by  the  Eussel  process.  Mr.  Lamb  sums  up  by 
saying  that  to  treat  about  the  same  number  of  tons  of  ore  per  day,  of 
approximately  the  same  composition  at  the  Marsac  mill,  the  Ontario  mill 
requires  39  per  cent,  more  labour,  30  per  cent,  more  stamps,  more  power, 
twice  the  number  of  furnaces,  48  per  cent,  more  salt,  and  40  per  cent, 
greater  cost  of  chemicals,  and  yields  a  smaller  percentage  of  both  gold 
and  silver  than  the  Marsac  mill  using  the  Russel  process. 

"Whilst  this  may  be  true,  a  slight  difference  in  the  composition  of 
the  ore  may  affect  the  extraction,  and  looking  at  the  respective  analyses 
given,  it  seems  hardly  fair  to  assume  that,  even  in  the  case  of  Ontario  and 
Marsac  ores,  the  commercial  results  of  the  lixiviation  treatment  will  be 
exactly  the  same  in  both  cases. 

A  comparison  of  extraction  by  lixiviation  (using  the  Russel  process) 
with  that  by  amalgamation  made  in  1891  at  the  new  works  of  the  Blue 
Bird  mine,  ^lontana,*  showed  that  the  extraction  by  amalgamation  varied 
from  58-5  per  cent,  to  80  per  cent.,  while  with  lixiviation  it  averaged  84*1 
per  cent.  It  is  claimed  that  the  extraction  might  have  been  8  per  cent, 
higher  (judging  from  experience  elsewhere)  if  the  lixiviation  charges  had 
not  been  wetted  down  hot. 

The  analysis  of  the  battery  samples  for  six  months  showed  the  ore  to 
contain  : — 

Per  Cent. 

Silica       64-4 

Sulphur 5-0 

Iron         ...         ...         ...         ...         ...  Swi 

Lead       4-22 

Zinc        12-8 

Manganese         5-21 

Copper 0-20 

The  cost  of  chemicals  and  quicksilver  averaged  0*80  dollars  for 
amalgamation  and  0*99  for  lixiviation,  using  3*3  to  3*7  lbs.  of  hypo- 
sulphite of  soda,  5*6  to  9  lbs.  of  bluestone,  3*7  to  6'7  lbs.  of  soda  ash, 
4*4  to  5  lbs.  of  caustic  soda,  and  2-5  to  3*4  lbs.  of  sulphur,  making  a  total 
of  18*8  to  27*5  lbs.  of  chemicals  per  ton  of  ore  treated. 

The  leaching  vats  were  filled  with  20  to  70  tons  charges  about  7^ 
feet  deep.  The  first  part  of  the  wash-water  was  run  in  from  below 
the  filter,  while  the  ore  was  being  charged  into  the  vat,  the  leaching  with 
water  being  afterwards  introduced  from  below  downwards  as  soon  as  the  ore 

*  C.  A.  Hoyt,  The  Engineering  and  Mining  Joiirnal,  New  York,  Jan.  7th,  1893, 
page  8. 
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was  charged.  The  base-metal  leaching  was  followed  by  about  100  inches 
in  depth  of  ordinary  solution.  This  was  succeeded  by  about  30  inches 
of  extra  solution,  containing  1  per  cent,  of  bluestone,  which  was  allowed 
to  stand  seven  to  ten  hours.  This  was  again  followed  by  40  to  60 
inches  of  ordinary  solution,  and  then  by  10  inches  of  extra  solution  of 
the  same  strength  as  before,  which  was  allowed  to  stand  seven  to  ten 
hours,  and  finally  50  to  60  inches  of  ordinary  solution  was  run  in  and 
was  expelled  by  the  second  wash-water. 

The  strength  of  the  stock  solution  was  I'Q  per  cent,  to  r9  per  cent,  of 
hyposulphite  of  soda,  whilst  the  extra  solution  contained  in  addition  1  per 
cent,  of  bluestone. 

All  solutions  were  kept  at  a  temperature  of  90  to  120  degs.  Fahr., 
11  to  15  per  cent,  of  salt  was  used  in  roasting,  and  the  ore  was  crushed 
on  the  average  to  pass  a  24  mesh  screen,  the  salt  to  20  mesh. 

The  silver  and  gold  were  precipitated  from  both  solutions  and  wash- 
water  with  sodium  sulphide  ;  and  the  lead  by  itself  from  the  solutions  by 
soda-ash. 

Mr.  H.  Lang,  in  a  letter  to  The  Engineering  and  Mining  Journal* 
New  York,  of  March  18th,  1893,  remarks: — "The  Russel  Company 
summarizing  their  claims  declare  that  the  Russel  process,  both  metallur- 
gically  and  economically,  occuijies  the  place  formerly  held  by  :— 1st,  the 
Kiss-patera,  or  old  leaching  process ;  2nd,  amalgamation  of  silver  and 
silver-gold  ores  ;  3rd,  smelting  of  dry  ores,  and  ores  averaging  not  over 
15  per  cent,  lead,  or  such  as  do  not  contain  sufficient  lime  or  iron  to 
make  them  desirable  as  fluxes  in  smelting." 

Without  expressing  an  opinion  on  the  merits  of  the  first  two  claims, 
Mr.  Lang  takes  emphatic  exception  to  the  third  and  says  : — "  In  no  case 
and  under  no  conditions  can  the  Russel  process  treat  basic  ores  as  cheaply 
or  as  efficiently  as  can  the  smelting  processes.  With  acid  ores  I  recognize 
in  full  its  advantages,  but  even  with  the  most  siliceous  material  it  is 
c|uestionable  if  the  process  can  always  compete  with  matting,  even  when 
silver  alone  is  treated  ;  and  when  gold,  copper,  and  other  metals  are 
worked  for,  it  has  no  chance  whatever." 

In  1889,  a  company  of  Oregon  capitalists  erected  a  rather  complete 
Russel  process  mill  at  Mineral,  Idaho  (a  quarter  of  a  mile  below  the  spot 
where  a  matting  plant  now  stands)  at  a  cost  of  £6,250,  which  was  under 
the  charge  of  a  skilful  leaching-expert,  Mr.  W.  H.  Lamb. 

Mr.  Lamb  laboured  arduously  and  intelligently  through  several  months ; 
but,  in  vain,  the  project  was  a  failure,  and  the  mill  was  shut  down  and 
sold  for  a  tenth  of  its  cost  for  other  purposes. 

*  Page  24i. 
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According  to  Mr.  Lang's  information,  the  best  results  reached  76  per 
cent.,  though  it  does  not  appear  whether  this  was  the  extraction,  apparent 
extraction,  or  simply  an  extra  extraction.  He  goes  on  to  add  that  the  ores 
in  question  (of  which  only  the  more  tractable  part  were  sought  to  be  worked 
in  the  Russel  mill)  have  been  bought  by  his  firm  during  the  last  three  years, 
and  successfully  treated  in  matting  furnaces.  That  they  have  made  it  pay 
where  the  Eussel  process  failed,  is  a  sufficient  answer  to  the  assertion  that 
the  process  occupies  the  place  of  smelting. 

Treating  the  same  ores,  he  claims  to  be  able  to  do  the  work  at  one-fifth 
the  cost,  and  save  20  per  cent,  more  silver  than  the  Russel  process  claimed 
to  extract. 

The  high  cost  of  treatment  at  these  works  is  stated,  however,  to  have 
arisen  largely  from  faults  of  construction  and  design. 

The  claims  of  the  process  for  the  treatment  of  basic  ores  are  only 
relatively  true.  The  Russel  Company  quote  an  analysis  of  the  Las 
Yedras  ore  (Sinaloa,  Mexico)  and  say  "  smelting  being  economically  and 
metallurgically*  out  of  the  question."  (This  was  said  of  an  ore  containing 
silica,  25  per  cent. ;  calcite,  46  per  cent. ;  iron,  9*8  per  cent. ;  sulphur,  12*5 
per  cent. ;  and  arsenic,  2*5  per  cent.)  Instead  of  being  an  unsmeltable 
combination,  this  ore  is  in  reality  the  finest  smelting  product  in  the  world, 
susceptible  of  being  run  down  at  one  operation  into  a  high-grade  matte, 
and  at  less  than  the  cost  of  the  salt  which  is  now  used  in  roasting.  And 
the  matte  can  then  be  refined,  and  its  total  silver  extracted  at  an  additional 
cost  per  ton  of  original  ore,  not  exceeding  the  cost  of  the  chemicals  now 
used  in  the  Russel  leaching.  Mr.  Lang  bases  this  opinion  on  the  data  given 
in  the  valuable  series  of  pajDcrs  by  Mr.  Rockwell,  published  in  The  En- 
gineering and  Mining  Journal,']  New  York,  "  On  Roasting,  Chloridizing, 
and  Lixiviation  at  Yedras  mine,  Mexico."  The  Yedras  ore  is  chemically 
nearly  the  same  as  that  of  an  important  mine  near  Mineral  Hill,  of 
which  considerable  quantities  have  been  treated  by  Mr.  Lang's  firm,  the 
difference  being  an  excess  of  carbonate  of  lime  in  the  Mexican  ore.  This 
is  run  down  without  the  use  of  fluxes  and  without  admixture  of  other  ore, 
using  7  per  cent,  of  coke. 

Employing  a  furnace  of  special  construction  and  by  peculiar  treatment 
of  the  blast,  etc,  the  larger  part  of  the  sulphur  and  arsenic  is  burnt  off, 
and  the  corresponding  proportion  of  iron  and  zinc  is  slagged  off,  effecting 
a  desirable  concentration  of  the  matte  and  at  the  same  time  utiHzing  the 
heat  of  combustion  of  the  elements  named.  This  is  pyritic  smelting, 
properly  so-called,  a  branch  of  the  larger  art  of  matte  smelting. 

*  The  italics  are  mine.        f  Vol.  xlv.,  pages  86,  106,  159,  178,  197,  213,  and  283. 
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The  waste  of  silver  at  Las  Yedras  must  have  been  prodigious.  Mr. 
Rockwell  mentions  months  of  work  in  which  the  losses  by  volatilization 
varied  from  17  to  25  per  cent.,  the  best  work  attainable  in  his  time 
resulting  in  an  average  loss  of  10  per  cent,  from  that  cause.  The  Russel 
company  have  recorded  it  at  6  or  7  per  cent.  The  total  losses  now  amount 
to  about  19  per  cent. 

The  Russel  process  has  undoubtedly  been  a  great  improvement  over  the 
old  leaching  with  certain  classes  of  ore,  but  it  is  a  great  wonder  that  the 
management  tolerated  any  lisiviation  methods  whatever. 

Mr.  Lang  states  that  he  holds  the  same  opinion  concerning  the  Aspen* 
and  Marsac  works.  The  composition  of  the  Aspen  ore  (30,000  tons  of 
which  have  been  treated  by  the  Russel  process)  is  lead,  2*27  per  cent. ; 
silica,  21'66  per  cent. ;  sulphate  of  barium,  20'92  per  cent.;  lime,  10'99 
per  cent. ;  magnesia,  4*24  per  cent. ;  iron,  10*02  per  cent. ;  zinc,  2'85  per 
cent. ;  copper,  16  per  cent. ;  sulphur,  8"  10  per  cent. ;  and  arsenic,  traces. 

*  The  probable  cost  of  pyritic  smelting  in  this  district  would  be  under  12s.  6d. 
per  ton,  treating  not  less  than  100  tons  per  day. 
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APPENDICES. 

I.— BAROMETER,  THERMOMETER,  Etc.,  READINCIS  FOR 
THE  YEAR  1892. 

By   M.   WALTON   BROWN. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by- 
permission  of  the  authorities  of  the  Glasgow  and  Kew  Observatories,  and 
give  some  idea  of  the  variations  of  temperature  and  of  atmospheric  pressure 
in  the  intervening  districts  in  which  the  mining  operations  of  this  country 
are  chiefly  carried  on. 

The  barometer  at  Kew  is  34  feet,  and  at  Glasgow  is  180  feet,  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea-level,  by  the  addition  of  0-150  inch  to  each  reading,  and  the 
barometer  readings  at  both  observatories  are  reduced  to  32  degs.  Fahr. 

The  fatal  explosions  in  collieries  are  obtained  from  the  annual  reports 
of  H.M.  Inspectors  of  Mines,  and  are  jjrinted  upon  the  diagrams  (Plates 
XVII. ,  XYIIL,  XIX.,  and  XX.)  recording  the  meteorological  obser- 
vations. 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 

■sg 

Barometer. 

Tempera- 

"og 

tube. 

II 

ture. 

.2« 

4  a.m. 

10  a.m. 

4  P.M. 

10  P.M. 

Max 

Miu. 

4  a.m. 

10a.m.  4  p.m.  10  p.M.IMax 

Min. 

ft 

1 

29-736 

29-844 

29-940 

30-083 

43-2 

'&'% 

Q 

29-783   29-948   30-0-32 

41-2 

35-9 

5i 

WNW 

35-7 

W 

1 

29-593 

2 

30-184 

30-236 

30-157 

30-104 

41-8 

31-8 

wsw 

2 

29-958 

29  910 

29-799 

29-736 

44-0 

38-4 

w 

3 

30-027 

30-030 

30-015 

30-019 

43-5 

31-9 

NW 

3 

29-822 

29-867 

29-872 

29-953 

38-1 

31-6 

WNW 

4 

30-016 

30-054 

30-057 

30-112 

351 

27-0 

NW 

4 

30-C02 

30-0-4 

30-050 

29-946 

36-1 

29-0 

NW 

5 

30-063 

29-954 

29-690 

29-541 

42-5 

24-9 

SW 

5 

29-617 

29-430 

29-379 

•29-311 

43-6 

35-0 

WNW 

6 

29-490 

29  357 

29-399 

29-450 

44-2 

32-8 

NW 

6 

29-206 

29-170 

29  220 

29-300 

37-3 

28-7 

NW 

7 

29-432 

29-401 

29-323 

29-273 

37-0 

30-S 

SW 

7 

29-280 

29-202 

29-167 

29-251 

.34-1 

24-0 

SSW 

8 

29-306 

29-447 

29-437 

29-401 

34-7 

28-4 

W 

8 

29-251 

29-233 

29-323 

29-459 

3t-3 

29-7 

w 

9 

29-364 

29-435 

29-428 

29-4-23  1  32-7 

24-9 

NNW 

9 

29-496 

29-537 

29-502 

29-532 

33-9 

25-9 

N 

10 

29-436 

29-533 

29-581 

29-673  '  32-1 

24-1 

N 

10 

29-558 

29-746    29-889 

30-000 

.36  0 

29-4 

NE 

11 

29-761 

29-817 

29-851 

29-912 :  35-8 

29-8 

N 

11 

30-034 

30-013    29-917 

29-845 

36-0 

27-2 

SW 

12 

29-895 

29-916 

29-823 

29-814  ■  35-4 

24-3 

N 

12 

29-770 

29-825   29-867    29-871 

37-8 

29-6 

E 

13 

29-781 

29  750 

29-630 

29-573 

36-8 

30-7 

NE 

13 

29-789 

29-643 

29-446    29-370 

35-3 

27-9 

NE 

14 

29-491 

29-480 

29-439 

29-460 

34-5 

28-9 

N 

14 

29-300 

29-298 

29-293    29-325 

36-3 

332 

S 

15 

29-464 

29-491 

29-475 

29-490 

34-3 

25-2 

NW 

15 

29-386 

29-411 

29-396    29-387 

33-9 

26-3 

E 

16 

29-457 

29-4SS 

29-473 

29-494 

36-3 

23-8 

SE 

16 

29  350 

29-368 

29-379    29-471 

32-1 

24-8 

E 

17 

29-493 

29-565 

29-573 

29-608 

37-5 

32-7 

E 

17 

29-550 

29-593 

29-608    29-636 

37-8 

30-8 

ESE 

18 

29-640 

29-734 

29-770 

29-833 

44-0 

36-8 

E 

18 

29-651 

29-687 

29-702    29-727 

37-8 

35-5 

ENE 

19 

29-831 

29-847  29-827 

29-843 

41-2 

32-8 

E 

19 

29-745 

29-825 

29-842    29-817 

38-0 

33-9 

NE 

20 

29-833 

29-850   29-863 

29-931 

37-7 

32-4 

E 

20 

29-780 

29-810   29-861    29-894 

35-2 

33-9 

E 

21, 

29-933 

29-947  i  29-892 

29-877 

36-4 

30-4 

E 

21 

29-&39 

29-720 

•<i9-512    29-478 

40-0 

34-1 

SSW 

22  ' 

29-866 

29-845   29-827 

29-915 

45-7 

34-9       S 

22 

29-575 

29-610 

29-616 

29-679 

.39-9 

34-6 

SSW 

23 

29-909 

29-963   29-932 

29-972   49-3 

41-4;    SW 

23 

29-760 

29-761 

29-615 

29-623 

45-3, 

38  9 

s 

24 

29-977  ! 

30-092 

30-160 

30-256  !  49-3 

33-91    NW 

24 

29-726 

29-883 

29-985 

30-061 

43-5  : 

37-2 

w 

25 

30-317 

30-418 

30-448 

30-477  :  42-3 

31-8:    NW 

25 

30-155 

30-280 

30-316    30-322 

43-2 

35-8 

wsw 

26  ' 

30-493 

30-474 

30-358  1 

30-274  i  43-5 

29-8'    SW 

26  i 

30-205 

30-119 

30-(6t    29-951 

46-8 

40-2 

SW 

27 

30-180 

30-092   29-847 

29-878   47-2 

41-6     SW 

27  1 

29-770 

29-547 

29-5:37    29-746 

47-8 

35-9 

SW 

28 

30-111 

30-277  30-244' 

30-171  '  47-8 

.36-7 

WSW 

28! 

29-883 

29-820 

29-741    29-659 

48-5 

35-8 

SW 

29  1 

30-057  1 

30-0S5 

30-149 

30-197  ,  51-9 

47-8 

w 

29 

29-635 

29-672 

29-799    29-765 

51-2 

48-4 

8W 

30 

30175  1 

30-179 

30-106 

30-096  150-8   46-8 

w 

30 

29-768 

29-800 

29-778   29-820  48-4 

40-3 

SW 

31  1 

30-050 

30-134 

30-103  1 

29-987 149-8  45-6        N      1 

31 

29-847  29-919 

29-816    29-470!  46-6 

39-4 

SW 
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1 

29-766    29-537 

29-416 

29-382 

48-0 

1  37-5 

SW 

1 

29-107 

28-862 

28-801 

2 

29-226   29-328 

29-2-23 

29-153 

42-4 

33-7 

W 

2 

28-858 

2S-7S9 

28-617 

3 

29-143   29-264 

29-402 

29-614 

43-5 

.35-8 

WNW 

3 

29-082 

29-272 

29-426 

4 

29-722   29-733 

29-587 

29-525 

45-3 

31-9 

SSW 

4 

29-537 

29-356 

29-155 

6 

29-546   29-608 

29  708 

29-814 

48-3 

,3S-5 

w 

5 

29-199 

29-323 

29-418 

6 

29829   29-860 

29-828 

29-869   45-5 

38-7 

w 

6 

29-521 

29-603 

29-635 

V 

29-901   29-924 

29-828 

29-774 

■52-9 

438 

SW 

7 

29-712 

29-568 

29-393 

8 

29-797   29-683 

29-778 

30-037 

.50-5 

44-5 

NW 

8 

29-522 

29-691 

29-896 

9 

30-214   30-312 

30-3C0 

30-300 

47-7 

41-4 

SSW 

9 

30-116 

30-138 

30-139 

10 

30-278   30-3-H 

30-.325 

30-383 

49-2 

44-0 

NW 

10 

30-185 

30-221 

30-222 

11 

30-401    30-439 

.30-433 

30-450 

50-0 

.38-1 

NW 

11 

30-295 

30-342 

30-368 

12 

30-457   30-471 

30-434 

30-452 

43  4 

,32-9 

NNW 

12 

30-374 

30-420 

30-409 

13 

30-453   30-503 

30-472 

30-462 

42-3 

34-2 

N 

13 

30-524 

30-564 

30-491 

J4 

30-366   30-214 

29-918 

29-717 

41-0 

.32-3 

SW 

14 

30-193 

29-945 

29-682 

lo 

29-490   29-431 

29-44.5 

29-579 

41-9 

29-7 

WNW 

15 

29-616 

29-694 

29-761 

16 

29-595   29-634 

29-602 

29-576 

.30-8 

23-7 

NE 

16 

29-857 

•29-898 

29-803 

ly 

29-528   29-490 

29-336 

29106 

33-5 

19-2 

W 

17 

29-405 

29  243 

29-183 

18 

29-089   29-176 

29-267 

29-350 

,33-7 

23-0 

NW 

18 

29-243 

29-275 

29-280 

19 

29-337   29-319 

29-206 

29-182 

34-0 

23-5 

E 

19 

29-.394 

29-412 

29-409 

20 

29-191   29-351 

29--123 

29-423 

.37-0 

28-8 

NE 

20 

29-473 

29-474 

29-497 

21 

29-341   29-411 

29-438 

29-461 

46-8 

.36-1 

S 

21 

29-491 

29-419 

29-365 

22 

29-4.52   29-543 

29-578 

29-642 

.50-5 

38-2 

S 

22 

25-431 

29-446 

29-445 

23 

29-651    29-646 

29-656 

29-735 

48-8 

36-1 

SE 

23 

29-562 

29-620 

29-643 

24 

29-756   29-778 

29-780 

29-848 

4S-0 

.34-7 

NE 

24 

29-6S1 

29-730 

29-718 

25 

29-85;  29-883 

29-880 

29-941 

.52-2 

.371 

E 

25 

29-774 

29-820 

29-827 

26 

29-953   30-049 

30-067 

30-106 

42-1 

,36-2 

ENE 

26 

29-927 

30-009 

30025 

27 

30-086   30-108 

30-038 

29-994 

40-9 

34,-3 

NE 

27 

30-117 

30-130 

30-101 

28 

29-939   29-890 

29-830 

29-833 

41-9 

41 -4 

NE 

28 

30-038 

30-019 

29-949 

29 

29-804   29-831 

29-831 

29-863 

.34-9 

.35-3 

N 

29 

29-966 

.30-000 

.30-019 

'  28-846 
28-914 
29-556 
29-246 
29-477 
29-719 
;  f  29-528 
30-043 
30-175 
30-281 
30-39U 
30-469 
30-400 
29-581 
29-822 
29-678 
29-107 
29-368 
29-460 
29-554 
29-432 
29-520 
29-678 
29-757 
29-882  I 
30-094 ! 
30-090  I 
29-962 
30-071  I 


46-6 

40-7 
40-0 


34-9 

29-9 
32-7 


141-6   31-6 

141-1  34-7 
43-4  '  37-7 
48-4  ,  40-0 
48-2  :  40-3 
48-3  ;  40-2 
47-9    43-6 

]  49-3  44-3 
48-7   41-8 

!  44-1  1 .38-8 
44-4  37-4 
38-3   31-4 


'  38-3  '  ■■ 
;34-9 

361 

33-1 

30-4 

33-5 

36-2 

39-8 

45-0 


28-2 
30-3 
22-4 
14-8 
24-0 
31-1 
33-3 
35-2 


42-7   35-2 
40-2   36-0 


42-9 
39-2 
44-1 
40-3 


35-5 
35-9 
34-3 

34-5 


SW 
WSW 
WNW 
SSW 

w 

wsw 

w 

WNW 

SW 

wsw 

w 
wsw 

NE 
SW 
ENE 
NE 
E 

NW 
ESE 
NE 
ENE 
NE 
E 
ENE 

£ 

ENE 

ENE 

£ 

NE 
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383 


KEW. 

GLASGOW. 

BAKOMETEn. 

Tempera- 

"S§ 

Barometer.                 i^ZlT^' 

■■Si 

ture. 

\      TURE. 

|i 

1 

4A.J'. 

10  a.m. 

4  P.M. 

10  P.M. 

Max 

Mill. 

6 

4  a.m. 

10  a.m. 

4  p.m.  10  P.M.  Max 

Min. 

2l 

PI 

1 

29-896 

39-9 

33-5 

NNE 

0 
1 

34-7 

5'S 

NE 

29-826 

29-883 

29-888 

30-080 

30-127 

30-136   30-212   40-0 

2 

29-954 

30-050 

30-091 

30-148 

34-0 

2S-2 

NE 

2 

30-240 

30-294 

30-304   30-344   35-2 

32-9 

ENE 

3 

30-177 

30-234 

30-219 

30-243 

31-8 

28-1 

KE 

3 

30-348 

30-365 

30-342   30-360   34-1 

31-8 

ESE 

4 

30-241 

30-284 

30-298 

30-332 

32-9 

29-1 

jSE 

4 

30-357 

30-387 

30-342   30-366   38-2 

-29-4 

N 

5 

30-314 

30-303 

30-238 

30-230 

39-4 

26-7 

N 

5 

30-339 

30-325 

30-257   30-250   36- 1 

28-5 

E 

6 

30-199 

30-201 

30-085 

30-036 

35-8 

31-1 

E 

6 

30-199 

30-168 

30-103   30-078   38-8 

31-2 

NE 

7 

29-964 

29-958 

29-896 

29-901 

36-6 

29  3 

E 

7 

30-005 

29-977 

29-906   29-901  38-2 

31-8 

S 

8 

29-888 

29-906 

29-855 

29-865 

34-5 

25-8 

>'NE 

8 

29-845 

29-819 

29-699   29-588  41-5 

311 

WSW 

9 

29-754 

29-557 

29-462 

29-476 

38-9 

22-2 

wsw 

9 

29-439 

29-407 

29-355   -29-166   33-1 

-25  4 

WNW 

10 

29-423 

29-313 

29-278 

29-395 

36-4 

24-6 

wsw 

10 

29-193 

29-401 

29-528   29-648   380 

27-5 

NW 

11 

29-502 

29-565 

29-580 

29-607 

38-1 

26-9 

N 

11 

29-630 

29-650 

29-656   29-686   39-5 

30-0 

ENE 

12 

29-572 

29-533 

29-434 

29-396 

37-7 

:;72 

NNW 

12 

29-648 

29-591 

29-467   29-403   38-2 

29-5 

N 

13 

29-350 

29-34B 

29-327 

29-368 

40-5 

24-9 

W 

13 

29-355 

29-353 

29-3c2   29-338   389 

30-5 

NE 

14 

29-377 

29-464 

29-540 

29-656 

39-1 

25-8 

w 

14 

29-320 

29-361 

29-388   29-429,39-2 

28-9 

WSW 

15 

29-674 

29-599 

29-276 

29-269 

43-8 

31-5 

s 

15 

29-406 

29-320 

29-260   29-423^38-8 

27-5 

SE 

16 

29-619 

29-898 

29-968 

30-032 

5r5 

37-3 

w 

16 

29-611 

29-708 

29-671    29-654   44-4 

26-7 

g 

17 

30-063 

30-141 

30-186 

30-265 

56-0 

45-3 

sw 

17 

29-631 

29-669 

29-800   29-918   50  3 

43-9 

ssw 

18 

30-290 

30-316 

30-241 

30-244 

59-2 

40-8 

SE 

18 

29-998 

30-101 

30-114   30-138   57-7 

47-2 

SSE 

19 

30-218 

30-208 

30-144 

30-150 

52-3 

38-0 

E^'E 

19 

30-154 

30-210 

.30-180   30-255   58-8 

36-9 

SB 

20 

30-1-22 

30-123 

30-141 

30-233 

48-2 

32-1 

E 

20 

30-238 

30-232 

30-153    30-214   46-4 

34-5 

NE 

21 

30-273 

30-343 

30-284 

30-332 

51-0 

27-5 

E 

21 

30-232 

30-293 

30-297    30-405   46-2 

31-2 

W 

22 

30-328 

30-387 

30-407 

30-483 

41-7 

37-7 

N 

22 

30-486 

30-573 

30-558  1  30-570   48-1 

35-2 

N 

23 

30-182 

30-478 

30-370 

30-364 

47-2 

34-1 

NE 

23 

30-501 

30-464 

30-373   30-343   53-3 

392 

WNW 

24 

30-310 

30-295 

30-218 

30-172 

44-2 

36-7 

^E 

24 

30-253 

30-204 

30-131   30-071   48-9 

37-7 

W 

25 

3U-099 

30-036 

29-864 

29-792 

49-8 

30-0 

SE 

25 

29-959 

29-883 

29-745    29-633   44-7 

40-0 

WSW 

26 

20-685 

29-069 

29-613 

29-635 

57-0 

37-6 

AV 

26 

29-543 

29-531 

29-610    29-743   43-6 

28  0 

SW 

27 

29-643 

29-710 

29-720 

29-781 

49-6 

38-9 

w 

27 

29-823 

29-911 

29-936    29-988   35-1 

262 

NE 

28 

29-820 

29-908 

29-996 

30-140 

39-0 

32-0 

N 

28 

29-962 

3i>-958 

30-044   30-266   40-0 

24-2 

WSW 

29 

30-256 

30-416 

30-457 

30-539 

40-0 

31-2 

N 

29 

30-377 

30-464 

30-472   30-498   41-2 

23-3 

SW 

30 

30-528 

30-551 

30-488 

30-543 

49  3 

32-6 

NE 

30 

30-504 

30-523 

30-491   30-494   47-8 

32-8 

SSW 

31 

30-518 

30-550 

30-495 

30-482 

53-8 

32-9 

NE 

31 

30-456 

30-446 

30-399   30-399  1  55-1 

35-6 

SSW 

APKIIi,  1892. 


1 

30-466 

30-455 

2 

30-380 

30-370 

3 

30-253 

30-237 

4 

29-966 

29-987 

5 

29-965 

29-974 

6 

29-921 

29-926 

7 

29-893 

29-907 

8 

29-916 

29-946 

9 

29-923 

29-934 

10 

29-918 

29-934 

11 

29-921 

29-914 

12 

29-894 

29-895 

13 

29-656 

29-642 

14 

29-644 

29-682 

15 

29-704 

29-743 

16 

29-471 

29-490 

17 

29-648 

29-700 

18 

29-926 

30-023 

19 

30-271 

30-360 

20 

30-386 

30-350 

21 

30-059 

30-117 

22 

30-219 

30-253 

23 

30-380 

30-414 

24 

30-277 

30-328 

25 

29-959 

29-842 

26 

29-863 

29-848 

27 

29-835 

29-785 

28 

29-534 

29-601 

29 

29-889 

29-905 

30 

30-134 

30-179 

30-362 
30-302 
30-102 
29-933 
29-896 
29-873 
29-859 
29-891 
29-895 
29-907 
29-845 
29-822 
29-606 
29-671 
29-667 
29-542 
29-728 
30-048 
30-356 
30-246 
30-146 
30-256 
30-335 
30-238 
29-819 
29-814 ' 
29-613  I 
29-778 
29-953 ! 
30-146 1 


30-391 

65-0 

30-0 

N 

30-310 

62-3 

35-9 

E 

30-084 

64-1 

34-5 

ENE 

29-983 

68-5 

37-0 

W 

29-926 

687 

38-0 

SSW 

29-911 

65-0 

43-2 

E 

29-927 

64-3 

42-6 

NE 

29-939 

63-9 

39-8 

NE 

29-925 

59-8 

41-9 

NE 

29-942 

63-5 

39-9 

ENE 

20-901 

63-2 

34-9 

NNE 

29-771 

4-,-2 

33-9 

NNE 

29-643 

39-7 

34-0 

NE 

29-714 

45 -3 

30-0 

N 

29-610 

48-0 

27-9 

W 

29  ■6-25 

45-6 

33-2 

NNW 

29-864 

46-8 

29-8 

N 

30-179 

48-1 

31-3 

NW 

30-402 

50-8 

31-3 

WNW 

30-143 

48-8 

38-3 

SW 

30-213 

62-1 

47-9 

NW 

30-347 

65  8 

48-2 

w 

30-327 

63-5 

40-8 

w 

30-133 

60-0 

4S-7 

NNW 

29-884 

55-0 

41-5 

NW 

29-863 

54-3 

36-8 

NW 

29-578 

55-0 

33-1 

SW 

29-913 

41-7 

35-7 

N 

30-090 

48-0 

35-2 

NNE 

30-172 

56-0 

31-9 

N 

30-394 
30-360 
30-249 

29-904 
L9-835 


6  i:9-935 


7  !  29-992 

8  30-060 

9  30-098 

10  I  30-048 

11  29-971 
29-994 
29-S07 
29-680 
29-688 
29-629 
29-717 
29-893 
30-221 
30-065 
29-863 
29-886 
30-173 
30-174 
29-808 
29-795 
29-600 

28  ;  29-806 

29  29-901 

30  30-002 


30-415 

30-377 

30-355 

30-293 

30-209 

30-074 

29-840 

29-796 

29-879 

29-SS9 

29-977 

29-967 

30-017 

30-000 

30-088 

30  026 

30-108 

30-032 

30-048 

29-965 

29-966 

29-935 

29-983 

29-883 

29-764 

29-685 

29-679 

29-647 

29-703 

29-674 

29-629 

29-631 

29-745 

29-747 

29-966 

30-024 

30-240 

30-174 

30-078 

29  926 

29-922 

29-874 

30-008 

30-094 

30-198 

30-175 

30-177 

30-077 

29-788 

29-761 

29-821 

29-789 

29-388 

29-357 

29-881 

29-858 

29-975 

29-977 

30-024 

30034 

30-385 
30-291 
30-023 
29-839 
29-932 
30-002 
30-053 
30-095 
30-062 
29-996 
30-022 
29-844. 
29-708 
29-694 
29-679 
i9-700 
29-853 
30-173 
30-098 
29-822 
29-845 
30-158 
30-159 
29-931 
29-784 
29-772 
29-580 
29-870 
30-013 
30-011 


60-8 

39-1 

63-7 

33-7 

61-1 

37-5 

59-5 

39-8 

50-7 

44-1 

52-7 

44-5 

49-0 

41-0 

53-8 

40-0 

51-7 

39-0 

57-2 

37-0 

59-0 

L9-4 

43-0 

35-4 

42-2 

29-4 

42-3 

27-2 

39-5 

25-9 

40-5 

26-3 

46-7 

25-4 

47-9 

29-3 

49-8 

28-7 

56-1 

42-5 

51-9 

43-9 

53-9 

427 

.=^3-1 

42-9 

52-1 

40-4 

51-0 

37-4 

52-1 

34-4 

48-3 

36-3 

48-3 

37-3 

50-9 

35-4 

52-3 

38-8 

w 

NE 
SSE 

S 
SSE 
NE 
ENE 

E 
ENE 
ENE 
NE 

E 

N 
SE 
SW 
NE 

W 
NW 
SW 
SW 
SW 

wsw 

wsw 

w 

NNW 
NNW 

NW 
N 

NNE 
WSW 


384  BAROMETER,   THEUMOMETER,    ETC.,    READINGS,    1S92. 

MAT,  1892. 


JUNE,  1892. 


1  1 29-792 

29-841 

29-847 

29-864 

67-3 

52-5 

SW 

l' 29-470 

!  29-508  29-512 

29-623  62-2 

47-5 

SW 

2  1 29-744 

29-688 

29-698 

29-759 

65-9 

54-0 

SW 

2   29-558 

1  29-260  29-291 

29-437   54-2 

45-9 

S 

3    29-826 

28-915 

29-949 

30-021 

65-9 

•50-3 

SW 

3    29-463 

29-559 

29-636 

29-723   53-3 

45-4 

WSW 

4   30-056 

30-060 

29-987 

29-907 

63-9 

46-3 

SW 

4    29-752 

29-778 

29-713 

29-583   58-9 

45-9 

SW 

5   29-728 

29-727 

29-769 

29-969 

65-2 

51-9 

w 

5    29-462 

29-598 

29-741 

29-887 

60-5 

48-9 

w 

6   30-077 

30-160 

30-194 

30-286 

71-2 

49-1 

N 

6    30-015 

30-111 

30-167 

30-253 

65-0 

47-3 

w 

7  ' 30-316 

30-356 

30-324 

30-357 

67-8 

49-3 

E 

7   30-273 

30-303 

30-299 

30-315 

68-1 

55-2 

NW 

8   30-356 

30-379 

30-321 

30-314 

69-3 

46-0 

E 

8   30-308 

'  30-311 

30-274 

30-275 

761 

53-0 

WSW 

9    30-273 

30-231 

30-157 

30-106 

74-8 

53-2 

E 

9   30-243 

1  30  214 

30-116 

30-058 

77-3 

53-8 

w 

10   30-020 

29-923 

29-816 

29-792 

80-7 

511 

S 

10   30-015 

29-995 

29-918 

29-857 

60-2 

4.5-8 

E 

11    29-773 

29-778 

29-747 

29-779 

68-3 

55-0 

SW 

11    29-820 

'  29-816 

29-862 

29-890 

51-0 

43-3 

ESE 

12    29-843 

29-&S7 

29-877 

29-909 

55-2 

45-7 

ENE 

12    29-863 

'29-826  29-880 

30-015 

550 

42-7 

WNW 

13   29-978 

30-058 

30-087 

30-146 

57-9 

41-8 

KNE 

13    30-079 

1  30-127 

.30-115 

30-162 

56-2 

39-0 

N 

14   30-125 

30-092 

30-043 

30-062 

54-2 

40-9 

NE 

14   30-191 

30-185 

30-086 

30-076 

62-2 

39-0 

SE 

15   30-032 

30-010 

29-960 

29-958 

61-6 

38-2 

N 

15   30-020 

1  29-965 

29-906 

29-841   61-1 

41-9 

W 

16   29-926 

29-902 

29-867 

29-905 

61-1 

46-2 

W 

16    29-783 

•29-836  29-803 

29-852   5S-2 

42-9 

NNE 

17    29-931 

29-950 

29-933 

29-944 

60-0 

45-1 

NW 

17   29-847 

29-624  29-881 

29-949   57-4 

39  4 

NW 

18   29  946 

29-964 

29-919 

29-SOO 

59-7 

42-8 

WXW 

18    29-902 

29-884  29-828 

29-838   58-3 

45-9 

NE 

19    29-870 

29-838 

29-799 

£9-827 

63-3 

45-2 

SW 

19    29-806 

29-782   29-720  29-662   59-1 

43-0 

W 

20   29-818 

29-810 

29-792 

29-834 

61-6 

45-0 

SW 

20    29-641 

29  703  29-726   29-795 

59-0 

47-3 

E 

21    29-853 

29-886 

29-903 

29-933 

63-9 

46-0 

SW 

21    29-796 

29-831   29-792   29-811 

65-9 

42-0 

NXE 

22    29-690 

29-881 

29-789 

29-759  , 

71-5 

46-0 

wsw 

22    29-780 

29-775   29-724 !  29-706 

61-2 

5o-0 

N\y 

23    29-583 

29-.i00 

29-641 

29-815  1 

62-9 

51-0 

NW 

23  '  29-636 

29-628 

29-624  29-732 

64-1 

50-0 

NW 

24   29-911 

29-965 

29 -948 

29-976  ' 

70-5 

46-5 

s 

24  1  29-769 

29-824 

29-834,29-861 

65-0 

46-9 

W 

25  .  29-961 

29-954 

29-897 

29-860  i 

66-3 

51-6 

s 

25   29-820 

29-747 

29-628,29-610 

58-0 

48-4 

WSW 

26  ■  29-958 

30-020 

30-032 

30-073 

75-0 

54-6 

wsw 

26    29-684 

29-715 

29-671   29  684 

67-0 

54-0 

SW 

27   30-(80 

30-110 

30-0S6 

30-113 

76-9 

59-8 

s 

27  ,  29-684 

29-771 

29-848(29-932 

64-0 

50-9 

wsw 

28  \  30-130 

30-121 

30-026 

29-912  ,  77  3 

56-8 

N 

28  ,  30-037 

30-114 

30-107  30-069 

63-3 

47-9 

w 

29  ,29-796 

29-694 

30-102 

30-256   63-2 

49-0 

WKW 

29   30-025 

30-049 

30070  30-139 

63-3 

47-7 

£ 

30  i  30-297 

30-307 

30-247 

30-253  1  69-0  UO 

s 

30   30-138 

30-112 

30-071  30-053 1 

62-2 

46-3 

SW 

BAROMETEK,    THERMOMETER,    ETC.,   READINGS,    1892. 
JULT,  1892. 


385 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

Barometer. 

Tempera- 
ture. 

• 

1 

4  a.m. 

10  a.m. 

4p.m. 

10  p.m. 

Max 

Mill. 

s« 

a 

4  a.m. 

10  a.m. 

4  p.m.  10  P.M. 

Max  Miu. 

CD'S 

ft 

71-1 

48-2 

sw 

fi 

' 

61-1 

48-4 

Q'% 

1 

30-243 

30-237 

30-181 

30-188 

1 

30-044 

30-055 

30-057   30-061 

W 

2 

30-145 

30-110 

30-009 

29-939 

74-9 

52-4 

s 

2 

30-001 

29-902 

29-806 ,  29-729 

60-2 

50-4 

s 

3 

29-821 

29-709 

29-680 

29-780 

77-0 

55-7 

s 

3 

29-664 

29-629 

29-590 ;  29-587 

59-8 

54-0 

NW 

4 

•29-825 

29-891 

29-918 

29-990 

74-0 

59-2 

sw 

4 

29-596 

29-709 

29-784  29-741 

60-9 

50-0 

w 

5 

30-001 

29-989 

29-908 

29-858 

66-9 

52-3 

svv 

5 

29-546 

29-542 

29-563   29-617 

60-1 

50-1 

wsw 

6 

29-864 

29-926 

29-859 

29-703 

66-5 

53-2 

wsw 

6 

29-616 

29-584 

29-280   29-180 

02-1 

48-5 

ssw 

7 

29-619 

29-616 

29-687 

29-791 

69-1 

55-2 

wsw 

7 

29-106 

29-220 

29-378   29-381 

59-0 

48-9 

w 

8 

29-870 

29-963 

29-995 

30-074 

68-4 

61-2 

AV 

8 

29-427 

29-543 

29-657   29-744 

60-0 

49-0 

wsw 

9 

30-091 

30-079 

30-032 

29-960 

68-9 

48-9 

ssw 

9 

29-796 

29-850 

29-821 '  29-837 

59-1 

60-0 

sw 

10 

29-938 

30-002 

30-008 

30-020 

66-0 

52-3 

w 

10 

29-904 

29-978 

29-982   29-994 

68-1 

46-0 

SE 

11 

30-000 

29-966 

29-874 

29-780 

66-2 

53-5 

E 

11 

29-962 

29-928 

29-854 

29-852 

66-0 

49-8 

E 

12 

29-695 

29-590 

29-558 

29-501 

65-3 

54-6 

ENE 

12 

29-808 

29-766 

29-731 

29-710 

56-0 

50-8 

E 

13 

29-552 

29-556 

29-593 

29-665 

60-3 

52-9 

N 

13 

29-697 

29-699 

29-725 

29-827 

61-7 

49-1 

E 

U 

29-693 

29-803 

29-897 

29-973 

58-0 

53-0 

N 

14 

29-850 

29-894 

29-881 

29-909 

59-0 

49-9. 

ENE 

15 

30-004 

30-023 

29-974 

29-948 

66-8 

51-2 

S 

15 

29-933 

29-953 

29-937 

29-945 

58-0 

60-0 

NE 

16 

29-862 

29-802 

29-724 

29-707 

69-2 

51-8 

SE 

16 

29-911 

29-909 

29-868 

29-910 

61-1 

48-0 

E 

17 

29-686 

29-747 

29-799 

29-884 

59-8 

51-3 

NE 

17 

29-880 

29-892 

29-873 

29-883 

61-2 

49-0 

NNW 

18 

29-912 

29-973 

29-982 

29-993 

60-4 

50-3 

N 

18 

29-853 

29-862 

29-869 

29-909 

62-0 

47-8 

WSW 

19 

29-963 

29-896 

29-647 

29-535 

58-8 

49-0 

WSW 

19 

29-755 

29-429 

29-553 

29-861 

59-2 

60-0 

WNW 

20 

29-591 

29-843 

30-039 

30-167 

62-4 

52-2 

N 

20 

29-991 

30-103 

30-113 

30-148 

65-5 

49-1 

NW 

21 

30-189 

30-215 

30-172 

30-194 

65-4 

46-7 

N 

21 

30-153 

30-151 

30-122 

30-144 

64-8 

44-9 

W 

22 

30-202 

30-211 

30-180 

30-217 

72-S 

48-9 

NW 

22 

30-150 

30-186 

30-194 

30-210 

61-1 

61-2 

w 

23 

30-2-23 

30-232 

30-210 

30-250 

73-1 

53-4 

NW 

23 

30-222 

30-242 

30-240 

30-284 

70-0 

51-0 

w 

24 

30-273 

30-306 

30-279 

30-287 

65-6 

53-3 

NE 

24 

30-296 

30-305 

30-273 

30-282 

71-0 

49-8 

sw 

25 

30-2d3 

30-261 

30-182 

30-lyO 

62-1 

53-6 

NE 

25 

30-263 

30-252 

30-201 

30-233 

71-2 

49-0 

w 

26 

30-153 

30-149 

30-106 

30-169 

68-9 

54-7 

NE 

26 

30-243 

30-256 

30-236 

30-288 

67-7 

51-7 

NE 

27 

30-169 

30-183 

30-176 

30-212 

66-4 

54-1 

NE 

27 

30-296 

30-296 

30-286 

30-311 

60-8 

50-9 

E 

28 

30-2C6 

30-205 

30-152 

30-1S7 

69-9 

52-1 

NNE 

28 

30-294 

30-290 

30-233 

30-262 

68-1 

51-3 

NE 

29 

30-190 

30-192 

30-120 

30-153 

71-3 

50-0 

N 

29 

30-253 

30-264 

30-210 

30-221 

70-0 

49-9 

E 

30 

30-128 

30-129 

30-088 

30-099 

70-1 

52-6 

NNE 

30 

30-202 

30-173 

30-102 

30-039 

68-5 

61-0 

W 

31 

30-076 

30-042 

29-971 

29-984 

73-9 

53-6 

W 

31 

29-962 

29-939 

29-928 

29-894 

66-7 

67-0 

WNW 

AUGUST,  1892. 


1 

29-934 

2 

30-100 

3 

30-101 

4 

30-011 

5 

30-099 

6 

29-941 

7 

29-948 

8 

29-902 

9 

29-763 

10 

30-158 

11 

30-212 

12 

30-123 

13 

29-841 

14 

29-798 

15 

29-771 

16 

30-075 

17 

29-877 

18 

29-864 

19 

29-675 

20 

29-900 

21 

30-164 

22 

30-076 

23 

29-805 

24 

29-730 

25 

29-642 

26 

29-926 

27 

29-910 

28 

29-565 

29 

29-737 

30 

29-677 

31 

29-662 

29-894 ' 

30-118 

30-080 

30-040 

30-094 

29-948 

30-000 

29-858 , 

29-896 

30-222 

30-209 

30-100 

29-744 

29-832 

29-911 

30-101 

29-898 

29-754 

29-691 

30-024 

30-203 

30-009 

29-786 

29-753 

29-702 

30-003 

29-825 

29-519 

29-686 

29-596 

29-692 


29-932 
30-106 
30-017 
30-032 
30-000 
29-920 
29-990 
29-759 
30-044 
30-194 
30-115 
29-977 
29-725 
29-816 
29-939 
29-972 
29-905 
29-779 
29-724 
30-068 
30-146 
29-902 
29-736 
29-699 
29-762 
29-982 
29-655 
29-626 
29-613 
29-527 
29-661 


30-038 
30-124 
30-017 
30-098 
29-991 
29-989 
29-970 
29-757 
30-127 
30-226 
30-133 
29-962 
29-738 
29-706 
30-054 
29-905 
29-907 
29-646 
29-809 
30-139 
30-147 
29-869 
29-760 
29-691 
29-887 
29-999 
29-604 
29-740 
29-600 
29-652 
29-783 


68-61 

1 
66-2 

61-7 

51-9 

68-3 

54-1 

66-2 

51-2 

70-9 

45-1 

70-2 

52-0 

68-7 

5«-3 

74-3 

57-6 

60-9 

52-9 

60-9 

48-9 

69-3 

43-8 

71-2 

49-0 

69-9 

48-0 

70-8 

67-4 

72-5 

57-7 

69-6 

49-8 

79-3 

56-0 

72-1 

60-4 

65-2 

60-0 

71-0 

52-2 

72-6 

49-1 

75-3 

46-8 

78-6 

61-7 

72-2 

61-1 

68-3 

56-0 

67-8 

66-0 

64-3 

53-4 

67-6 

52-3 

70-1 

52-2 

69-3 

59-3 

64-3 

56-1 

NW 
N 
NW 
NW 
SW 
SW 

w 

s 

N 
N 
SW 

sw 

sw 

ssw 

sw 

ESE 

SSW 

SK 

N 

WNW 

S 

SE 

ESE 

W 

sw 
sw 
ssw 

KW 

ssw 

ssw 
ssw 


1 

29-855 

29-925 

30-044 

30-068 

3 

29-964 

29-962 

4 

29-975 

29-997 

6 

29-879 

29-809 

6 

29-597 

29-641 

7 

29-827 

29-875 

8 

29-738 

29-731 

9 

29-946 

30-036 

10 

30-150 

30-148 

11 

29-980 

29-963 

12 

29-892 

29-832  ' 

13 

29-458 

29-422 

14 

29-375 

29-436 

15 

29-358 

29-660 

16 

29-826 

29-887 

17 

29-811 

29-866 

18 

29-863 

29-786 

19 

29-610 

29-669 

2(» 

29-841 

29-883 

21 

29-840 

29-907 

22 

29-909 

29-895 

23 

29-743 

29-737 

24 

29-707 

29-674 

25 

29-621 

29-630 

26 

29-736 

29-754 

27 

29-499 

29-440 

28 

29-388 

29-443 

29 

29-640 

29-521 

30 

29-282 

29-244 

31 

29-154 

29-261 

1 

30-028 
30-044 
29-934 
29-988 
29-715 
29-712 
29-864 
29-780 
30-074 
30-120 
29-946 
29-711 
29-384 
29-436 
29-654 
29-857 
29-899 
29-674 
29-699 
29-879 
29-919 
29-840 
29-716 
29-629 
29-639 
29-638 
29-401 
29-517 
29-501 
29-171 
29-377 


30-091 
30-036 
29-968 
29-983 
29-647 
29-804 
29-829 
29-885 
30-137 
30-088 
29-960 
29-607 
29-372 
29-337 
29-782 
29-860 
29-9-28 
29-629 
29-797 
29-871 
29-947 
29-809 
29-735 
29-640 
29-692 
29-616 
29-401 
29-610 
29-414 
29-141 
29-624 


67-1 

55-9 

NNE 

67-7 

52-9 

W 

62-1 

47-7 

WNW 

62-6 

45-0 

WNW 

61-9 

52-1 

WSW 

59-9 

48-6 

WNW 

61-9 

48-0 

W 

53-0 

46-7 

NE 

62-8 

4;i-8 

N 

62-7 

42-9 

WSW 

62-1 

51-4 

WSW 

64-7 

65-0 

sw 

65-8 

54-1 

sw 

63-2 

64-0 

sw 

62-0 

52-S 

sw 

63-0 

51-2 

sw 

65-7 

60-1 

w 

54-8 

52-1 

NE 

64-2 

48-1 

w 

66-2 

46-4 

ssw 

69-8 

59-8 

sw 

67-1 

59-7 

sw 

71-4 

57-0 

w 

70-0 

55-7 

E 

62-7 

51-0 

W 

59-9 

50-8 

sw 

60-0 

49-0 

sw 

58-9 

44-7 

WNW 

55-4 

38-0 

£ 

59-9 

49-9 

B 

59-9 

49-9 

N 

386  BAROilETER,   THERMOMETER,    ETC.,   READINGS,    1S92. 

SEPTEMBER,  1892. 


KEW. 

GLASGOW. 

Barometer. 

Tempera 

TUEE. 

Barometer. 

Tempera- 
ture. 

<«  a 
0  0 

.11 
"0  ^ 

1 

'       (D 

J     4a. M 

10  A. M 

1 
'  4P.SI.  10  p.m.  Max 

Mill 

'     ^ 

4a.m. 

10  a.m. 

4  p.m.  10  p.m. 

Max 

Mill. 

O 

29-931 

'  29-913 

29-911 

62-9 

51-1 

5i 

SW 

fi 

29-453 

56-2 

47-0 

W 

1  129-852 

1         1 

29-539 

29-469 

29-441 

2 

29-767 

29-650 

1  29-604 

29-623 

63-0 

52-3 

ssw 

2 

29-338 

29-324 

29-308 

29-344 

54-7 

45-2 

wsw 

3 

29-639 

29-670 

29-704 

29-824160-7 

47-8 

w 

3 

29-382 

29-4S0 

29-558 

29-834 

57-5 

45-3 

WKW 

4 

29-909 

30-044 

'  30-143 

30-259 

58  5 

48-0 

NKW 

4 

29-976 

30-102 

30-133 

30-190 

-56-5 

41-9 

SSW 

5 

30-294 

30-339 

30-310 

30-325 

61-7 

39-7 

SW 

5 

30-172 

30-148 

30-082 

30-003 

60-9 

40-9 

SW 

6 

30-291 

30-289 

30-220 

30-208 

63-3 

42-9 

SW 

6 

30-044 

30-086 

30-052 

29-998 

62-0 

49-8 

w 

7 

30-145 

30-080 

30-001 

30-038 

59-2 

46-9 

SSW 

7 

29-834 

29-814 

29-870 

29-956 

560 

44-8 

WSW 

8 

30-043 

30-048 

30-004 

30-008 

61-9 

43-1 

NNW 

8 

30-000 

30-009 

29-967 

29-939 

58-9 

41-6 

SW 

9 

29-971 

29-959 

29-938 

29-969 

62-0 

42-4 

NW 

9 

29-872 

29-841 

29-835 

29-799 

.58-0 

49-8 

w 

10 

29-960 

30-021 

30-025 

30-058 

64-3 

55-2 

SW 

10 

29-829 

29-889 

29-925 

29-915 

59-9 

48-9 

w 

11  130-068 

30-092 

30-028 

30-077 

65-4 

52-9 

SW 

11 

29-849 

29-803 

29-755 

29-805 

58-1 

47-2 

SW 

12 

30-087 

30-103 

29-969 

29-841 

68-9 

58-4 

s 

12 

29-811 

29-792 

29-662 

29-560 

59-0 

52-3 

SW 

13 

29-757 

29-770 

29-770 

29-965 

68-4 

54-8 

SW 

13 

29-432 

29-446 

29-696 

29-848 

58-1 

46-0 

w 

14 

30-067 

30-133 

30-109 

30-128 

65-5 

46-0 

W 

14 

29-870 

29-876 

29-S37 

29-782 

55-2 

46-1 

SW 

15 

30091 

30-047 

29-922 

29-830 

05-9 

46-9 

S 

15 

29-755 

29-724 

29-614 

29-504 

59-0 

52-5 

SSW 

16 

29-716 

29T27 

29-829 

29-969 

66-6 

49-8 

SW 

16 

29-322 

29-333 

29-423 

29-637 

56-7 

48-0 

SW 

17 

30-049 

30-192 

30-222 

30-264 

59-2 

41-1 

KW 

17 

29-872 

29-986 

29-972 

29-918 

560 

41-5 

SW 

18     : 

30-237 

30-205 

30-088 

30-055 

63-1 

33-9 

s 

18 

29-826 

29-780 

29-710 

29-612 

561 

50-3 

SW 

19 

29-981 

29-997 

29-963 

29-982 

70-9 

46-9 

SW 

19 

29-598 

29-6;?8 

29-778 

29-893 

57-2 

48-0 

WSW 

20 

29-946 

29-914 

29-843 

29-901 

67-9 

52-0 

E 

20 

29-959 

30-063 

30-096 

30-151 

52-0 

46-1 

NE 

21 

29-918 

29-944 

29-944 

30-049 

66-6 

55-0 

N 

21 

30-170 

30-236 

30-237 

30-283 

52-0 

40-0 

ENE 

22 

29-105 

30-166 

30-167 

30-173 

58-9 

55-1 

NNE 

22  1 

30-291 

30-295 

30-235 

30-206 

55-0 

39-2 

ENE 

23 

30-113 

30-097  1 

30-036 

29  984 

63-5 

538 

WNW 

23 

30-103 

30-008 

29-843 

29-694 

55-5 

41-4 

WNW 

24  j 

29-877 

29-889 

29-922 

29-983 

64-2 

48-0 

W     i 

24  i 

29-552 

29-624 

29-651 

29-568 

54-0 

46-0 

W 

25 

29-947 

29-943 : 

29-901 

29-974 

63-0 

46-6 

SW   1 

25 

29-473 

29-458 

29-548 

29-656 

56-7 

48-1 

WSW 

26 

29-997 

30-022 

29-911 

29-839 

64-6 

60-0 

SW 

26 

29-688 

29-702 

29-566 

29-394 

571 

48-8 

ssw 

27 

29-752 

29-708 

29-632 

29-591 

66-3 

51-9 

SW 

27 

29-292 

29-193  1 

29-217 

29-224 

56-3 

42-8 

SW 

28 

29-679 

29-760 

29-734 

29-773 

58-1 

46-2 

w 

28 

29-404 

29-528 ! 

29-500 

29-415 

51-2 

40-9 

w 

29 

29-796 

29784 

29-649 

29-591 

58-3 

42-6 

SW 

29 

29-259 

29-242 

29-228 1 

29-264 

50-0 

43-0 

SW 

30 

29-473 

29-457  1 

29-500 

1 

29-480 

57-1 

47-8 

SW 

30 

29-230 

29-240 

29-244 

29-270 

49-4 

42-0 

s 

OCTOBEB,  1892. 


1 

29-404 

29-364 

29-355 

29-399 

55-2 

42-6 

«SW 

1 

29-271 

29-284 

29-271 

29-^96   48-8 

42-4 

1    UK 

2 

29-446 

29-440 

29-487 

29-594 

49-3 

39-3 

ESE 

2 

29-350 

29-414 

29-479 

29-669 

47-8 

41-9 

\    NE 

3 

29-658 

29-687 

29-680 

29-704 

55-7 

41-9 

WSW 

3 

29-641 

29-675 

29-662 

29-625 

50-1 

41-4 

NNW 

4 

29-671 

29-670 

29-608 

29-510 

56-3 

430 

SAV 

4 

29-581 

•29-598 

29-567 

29-638 

51-S 

46-0 

!    w 

6 

29-420 

29-382 

29-370 

29-437 

55-1 

40-3 

SW 

5 

29-388 

29-249 

29-120 

29-06G 

49-3 

43-9 

1   w 

6 

29-373 

29-331 

29-249 

29-264 

52-9 

39-5 

SW 

6 

29-113 

29-158 

29-lfO 

29-169 

51-7 

460 

'  ssw 

7 

29-276 

29-341 

29-355 

29-404 

55-2 

42-8 

SW 

7 

29-156 

29-196 

29-226 

29-309 

60-0 

43-7 

KW 

8 

29-427 

29-534 

29-572 

29-608 

51-6 

42  1 

AX'SW 

8 

29-338 

29-403 

29-373 

29-226 

48-2 

40-2 

'  WNW 

9 

29-497 

29-370 

29-410 

29-494 

53-5 

42-8 

W 

9 

28-937 

28-851 

29-043 

29  290 

49-2 

42-1 

WNW 

10 

29-605 

29-754 

29-828 

29-934 

55-8 

39-2 

W 

10 

29-479 

29-622 

29-724 

29-848 

51-7 

38-0 

NW 

11 

29-980 

30-033 

30-025 

30-047 

52-5 

35-6 

NW 

11 

29-915 

30-016 

30-052 

30-109 

52-9 

36-3 

NW 

12 

30-044 

30-044 

29-984 

29-965 

50-5 

34-6 

N 

12 

30-118 

30-169 

30-145 

30176 

61-0 

33-0 

N 

13 

29-913 

29-887 

29-806 

29-744 

53-3 

45-5 

XNE 

13 

30-137 

30-145 

30-090 

30-091 

50-0 

45-0 

NNE 

14 

29-582 

29-626 

29-661 

29-754 

52-3 

46-7 

ESE 

14 

30-069 

30073 

30-016 

30-017 

51-2 

45-8 

NE 

15 

29-783 

29-804 

29-748 

29-744 

62-0 

40-1 

E 

15 

29-991 

30-023 

29-994 

30-007 

48-0 

42-7 

NE 

16 

29-686 

29-676 

29-696 

29-780 

50-7 

41-8 

N 

16 

29-956 

29-939 

29-970 

30030 

47-3 

38-0 

NE 

17 

29-826 

29-944 

30-023 

.30-108 

48-9 

37-5 

N 

17 

30  057 

30-120 

30-151 

30-234 

45-6 

35-0 

NNE 

18 

30-144 

30-209 

30-224 

30-274 

4S-0 

35-5 

N 

18 

30-272 

30-310 

30-285 

30-274 

46-9 

30-1 

W 

19 

30-271 

30-288 

30-211 

30-198 

47-9 

32-9 

NNW 

19 

30-209 

30-136 

30-068 

30-092 

49-1 

34-8 

W 

20 

30-132 

30-081 

29-995 

29-932 

48-0 

35-5 

W 

20 

30-027 

29-969 

29-873 

29-767 

45-0 

37-8 

ENE 

21 

29-795 

29-665 

29-540 

29-512 

49-7 

38-6 

W 

21 

29-653 

29-632 

29-611 

29-679 

44-4 

36-3 

N 

22 

29-494 

29-586 

29-611 

29-598 

46-0 

34-7 

NW 

22 

29-66S 

29-622 

29-5o2 

29-496 

43-2 

34-0 

WKW 

23 

29-558 

29-591 

29-611 

29-693 

47-7 

33-5 

WNW 

23 

29-485 

29-530 

29-536 

29-588 

45-1 

■U-7 

NW 

24 

29-711 

29-752 

29-782 

29-834 

46-3 

31-0 

W 

24 

29-679 

29-755 

29-783 

29826 

4.1-1 

29-3 

KW 

25 

29-737 

29-691 

29-707 

29-825 

42-5 

35-2 

NKE 

26 

29-821 

29-842 

29-843 

29-912 

38-0 

23-8 

SSE 

26 

29-971 

30-081 

30-030 

29-930 

48-2 

28-3 

X 

26 

29-935 

29-942 

29-858 

29-66S 

40-8 

24-0 

S 

27 

29-741 

29-692 

29-453 

29-372 

66-9 

41-6 

S 

27 

29-399 

29-259 

29-185 

29-065 

50-0 

37-9 

S 

28 

29-316 

29-315 

29-258 

29-332 

58-5 

54-7 

S 

28 

28-882 

28-991 

29-007 

29-032 

55-2 

48-0 

SW 

29 

29-328 

29-319 

29-442 

29-543 

58-9 

46-3 

SW 

29 

28-973 

28-926 

29-035 

29-303 

53-2 

42-7 

SSW 

30 

29-608 

29-695 

29-664 

29-678 

63-0 

38-3 

N 

30 

29-429 

29-524 

29-555 

29-599 

48-2 

40-0 

SW 

31 

29-480 

29-607 

29-679 

29-744 

47-0 

45-1 

N 

31 

29-591 

29  643 

29-690 

29-762 

46-3 

35-7 

WNW 

BAROMETER,   THERMOMETER,    ETC.,    READINGS,    1892. 
NOVEMBER,  1S92. 


387 


KEW. 


GLASGOW. 


Baeometee. 


4a.m.  10  a.m. 


29-765 

29-816 

29-848 

29-832 

29  007 

29-674 

29-878 

29-862 

29-831 

29-873 

29-813 

29-855 

30-014 

30-133 

30-277 

30-321 

30-221 

30-179 

30-114 

30-148 

30-131 

30-120 

30-000 

29-981 

29-841 

29-825 

29-785 

29-795 

29-664 

29-727 

29-687 

29-755 

29-953 

30-006 

29-951 

29-932 

29-692 

29-689 

29-817 

29-991 

30-224 

30-307 

30-340 

30-349 

30-267 

30-289 

30-191 

30-195 

30-168 

30-198 

30-178 

30-158 

30-219 

30-372 

30-432 

30-436 

30-160 

30-086 

30-029 

30-140 

Barometer. 


-g     4  A.M.  |10  A.M.  4  p.m.  10  p.m. 


29-852 
29-605 
■29-896 
29-792 
29-839 
29-996 
30-242 
30-277 
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II._XOTES  OF  PAPERS  OX  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  FOREIGN  SOCIETIES  AND 
FOREIGN  PUBLICATIONS. 


ALUMINIUM  IN  THE  UNITED  STATES. 

Aluinluiuin.     By  W.  R.  iNGALLS.     J^agineering  and  Mining  Journal  (^JS'ew  York), 
1892,  vol.  liii.,  pages  5-6. 

Bauxite  occurs  in  Tennessee,  Virginia.  North  and  South  Carolina,  Georgia, 
Alabama,  and  Arkansas.  Its  discovery  in  the  latter  State  was  only  announced  in 
the  early  part  of  1891  by  Dr.  J.  C.  Branner,  State  Geologist.*  Bauxite,  used  in 
the  manufacture  of  aluminium,  is  worth  about  £2  per  ton  at  Pittsburg. 

Cryolite  is  used  in  the  manufacture  of  aluminium  by  the  electric  process.  It  is 
imported  from  Evigtok,  near  Arksut,  Greenland,  that  being  the  only  country  in 
which  the  mineral  is  mined.  The  Evigtok  mine  is  worked  as  a  quarry  450  feet  long, 
150  feet  wide,  and  100  feet  deep,  while  diamond  drills  have  proved  its  existence  to 
a  depth  of  150  feet  deeper.  The  only  place  in  the  United  States  where  cryolite  is 
known  to  exist  is  at  Pike's  Peak,  Colorado,  but  no  workable  deposits  have  yet  been 
found. 

Aluminium  is  generally  produced  by  one  of  the  electric  smelting  methods  (the 
Cowles,  Hall,  Heroult,  or  Minet),  which  have  almost  entirely  superseded  the  old 
sodium  process.  The  bauxite  is  generally  calcined  with  enough  sodium  carbonate 
to  form  sodium  aluminate,  and  the  incinerated  mass  is  ground  and  leached  with  hot 
water,  which  dissolves  the  aluminate,  leaving  the  silica  and  iron  behind.  The 
solution  of  sodium  aluminate  (Na^AljO^)  is  filtered,  and  the  alumina  (Al^O,) 
precipitated  by  carbonic  acid  gas  is  filtered,  washed,  and  dried.  The  alumina  is 
next  dissolved  in  molten  cryolite  (AljFg  +  6NaF)  in  pots  and  electrolysed,  the 
apparatus  and  the  details  of  the  operation  varying  with  the  different  processes. 

J.  W. 


AMBER  IN  BURMA, 
On  till'  occurrence  of  Bvrmite,  a  new  fositil  Resin,  from  Upper  Burma.     By  Db. 
Fritz  Noetliitg.    Becords  oj  the  Geological  Surrey  of  India,  1893,  vol.  xxri., 
pages  31-10. 
The  amber  of  Burma,  known  as  burmite,  differs  from  ordinaiy  amber  (succinite) 
bv  containing  no  succinic  acid.     It  occurs  abundantly,  but  is  of  less  value  than 
common  amber,  on  account  of  its  colour  and  the  occurrence  in  it  of  fissures  filled 
with  calcspar.  G.  W.  B. 

AMBER  AND  JADE  IN  UPPER  BURMA. 

Preliminary  Report  on  the  Economic  Resources  of  the  Amber  and  Jade  Mines 
Area  in  Upi>er  Burma.      By   Dr.  Fritz  NOETLIXG.      Records  of  the  Geo- 
logical Survey  of  India,  1892,  vol.  .r,TV.,  pages  130-135, 
The  amber  occurs  in  a  soft  blue  clay,  probably  of  Lower  Miocene  age.     It  is 
found    in  lumps  of   various  sizes  uj)   to  that  of   a  man's  head,  and  rounded,  or 
flattened,  in  shape.     The  colour  varies  from  light  yellow  to  dark  brown,  and  it  is 

fluorescent. 

*Trans.  Fed.  Inst.,  Tol.  iii.,  page  1057. 
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The  jade  mines  are  "  pit  mines"  and  "  quarry  mines."  The  former  are  situated 
on  the  banks  of  the  river  Uru,  and  the  latter  near  the  village  of  Tammaw.  In  the 
Tammaw  mines  the  jade  occurs  as  a  vein  in  a  blackish-green  igneous  rock.  It  is 
described  as  a  "  purely  white  cryptocrystalline  mineral,  much  resembling  the  finest 
marble,  containing  here  and  there  green  specks  of  various  sizes,  which  form  the 
jade  proper." 

In  the  pit  mines  it  occurs  in  boulders  derived  from  other  localities. 

At  least  500  men  are  engaged  every  season  in  working  the  quarry  mines  at 
Tammaw.  The  rock  is  heated  by  large  fires,  and,  after  cooling,  is  broken  in  pieces 
by  hammers. 

In  the  pit  mines  the  miners  simply  dig  a  pit,  and  select  boulders  from  the  stuff 
dug  out.     Good  jade  is  also  sometimes  found  in  the  laterite. 

The  Report  also  contains  a  note  on  the  Mogaung  coal-field  in  the  same  area, 
which  is  of  Tertiary  age.  G.  W.  B. 


ASBESTOS, 

The  Chemical  Composition  of  Ashextos.    By  J.  T.  DONALB.    Engineering  and  Mining 
Journal  (^Neio  Torh),  1891,  vol.  li.,page  741. 

The    following    analyses    show    the    composition    of    Italian     and    Canadian 
asbestos  : — 


Italy.     . 

Broughton. 

Templeton 

Silica 

40-30 

40-57 

40-52 

Magnesia 

43-37 

41-50 

42-05 

Ferrous  oxide... 

•87 

2-81 

1-97 

Alumina 

2-27 

•90 

2-10 

Water 

13-72 

13-55 

13-46 

100-53         ...         99-33         ...       100-10 
Chemical  analysis  shows  that  the  cause  of  the  harshness  of  fibre  of  some  varieties 
of  asbestos  is  due  to  loss  of  water.  J.  W. 


ASBESTOS  MINING  IN  QUEBEC. 

By  R.  W.  Ells.      Engineering  and  Mining   Journal  (^Neio  TorJi),  1891,  vol.  li., 

jJage  498. 

The  asbestos  mines  of  Quebec  are  practically  the  only  deposits  whose  mineral  is 
of  a  quality  adapted  for  spinning  and  for  the  finer  purposes  of  manufacture. 

The  asbestos  veins  are  associated  with  rocks  which  for  thirty  years  have  been 
known  as  the  Quebec  Group.  They  comprise  an  extensive  series  of  both  sedimentary 
and  igneous  rocks,  which  extend  from  the  Vermont  boundary  to  the  extremity  of 
the  Gaspe  peninsula.  Crossing  the  Gulf  of  St.  Lawrence,  the  rocks  also  occur  in 
Newfoundland,  where  specimens  of  asbestos  have  been  found  in  course  of  geological 
explorations,  although  no  systematic  search  has  been  made  for  the  mineral. 

Asbestos  proper  belongs  to  the  hornblende  or  pyroxene  (-y/^)  group  of  minerals  ; 
while  that  of  Quebec,  commonly  called  asbestos,  is  really  a  variety  of  serpentine, 
known  mineralo^ncally  as  chrysotile.  Sometimes  these  masses  of  serpentine 
assume  such  proportions  as  to  rank  almost  as  mountain-ridges. 

Up  to  1880,  most  of  the  fine  asbestos  fibre,  for  spinning,  came  from  Italy  and 
Corsica  ;  it  was  hard  to  obtain,  and  of  exceptionally  fine  quality,  commanding  as 
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high  a  price  as  £00  per  ton.  The  discovery  of  the  Quebec  chrysotile,  quite  as  well 
adapted  for  spinning  as  the  Italian  asbestos,  almost  revolutionized  the  industry,  and 
has  nearly  closed  the  Italian  mines. 

So  much  of  the  serpentine  of  Quebec  as  is  really  asbestos-bearing  to  an  extent 
which  can  be  profitably  worked, is  confined  to  a  comparatively  limited  area — in  the 
townships  of  Thetford,  Ireland,  Coleraine,  and  Wolfestown,  where  succesful  mining 
oijcrations  have  been  carried  on  for  some  years. 

The  veins  of  asbestos  range  from  mere  threads  up  to  a  thickness  of  5  or  6 
inches,  though  most  of  the  workable  veins  do  not  exceed  2J  Inches  in  width  or 
length  of  fibre,  and  such  veins  of  good  quality  and  unbroken  by  partings  of  iron 
are  regarded  as  extra  No.  1  material.  The  asbestos  veins  occur  throughout  the  mass 
of  rock,  and  crop  out  where  exposed ;  the  mining  is  therefore  simply  open-quarry 
work,  the  entire  rock  being  removed,  broken  up,  and  the  veins  of  asbestos  separated 
by  hand-cobbing. 

It  has  been  estimated  that  the  bulk  of  barren  serpentine  removed  to  obtain  a 
ton  of  fibre  varies  from  25  to  1  ou  prolific  ground  to  50  to  1  on  ordinary  ground. 

Little  attention  was  paid  to  the  occurrence  of  asbestos  in  Canada  up  to  1877, 
when  the  burning  of  the  forests  in  Thetford  and  Coleraine  townships  laid 
bare  the  hills  of  serpentine.  A  French-Canadian  named  Fecteau  observed  the 
felting  of  the  weathered  asbestos,  and  the  importance  of  the  new  material  resulted 
in  the  operations  of  Ward  Brothers,  and  later  of  the  Johnson  Asbestos  Mining 
Company. 

The  output  has  increased  from  .50  tons  in  1878  to  about  8,000  tons  in  1890. 
Sufficient  study  of  these  peculiar  rocks  has  not  yet  been  made  to  pronounce 
definitely  upon  their  probable  importance  ;  but,  when  the  deposits  arc  made  more 
accessible,  considerable  mining  will  undoubtedly  be  done,  as  these  appear  to  be 
quite  extensive.  J.  W. 


JOINTED  EARTH-AUGER  FOR  GEOLOGICAL  EXPLORATIONS  IN 

SOFT  DEPOSITS. 

By  N.  H.  Darton.      The  Engineering   and  Mining  Jottrtial  (^New  York'),  1891, 

vol.  li.,  page  401. 

This  auger  consists  of  an  auger-bit,  a  number  of  three-feet  lengths  of  \  inch  iron 
pipe,  a  cross-bar  handle,  all  with  threads  and  couplings  for  connexion  to  any  length 
required;  a  pair  of  pipe  tongs,  and  a  receptacle  of  some  kind.  An  ordinary  \\ 
inches  carpenter's  auger,  with  two  or  three  whorls  of  double  spirals,  forms  the  bit  ; 
this  is  welded  to  a  ^  inch  iron  bar  to  extend  its  length  to  three  feet.  The  latour  of 
working  is  not  great,  if  care  be  taken  not  to  bore  too  deeply  at  a  time,  and  one 
man  can  make  good  progress  in  soft  materials. 

The  instrument  is  said  to  be  simple  and  inexpensive,  and  likely  to  prove  useful 
in  searching  soft  deposits  at  "depths  not  exceeding  40  feet.  J.  W. 


ON  THE  EXTENSION  OF  THE  SAARBRUGKEN  COAL-FIELD 
INTO  BAVARIA. 
JJeber  die  Fortsetzung  des   Saarbriieker  productirer    SteinkoMengebirges  in  der 
Bayerisclien  Pfalz.     By  M.  Klivee.     Zeitschrift  fiir  das  Berg-Eiitten-vnd 
Salinen-Wesen,  vol.  xl.,  page  471,  and  plate  XVII. 
The  author  discusses  the  probability  of  finding  the  Saarbrlick  coal  formation 
in  Bavaria.     Elaborate  details  are  given  of  the  various  coal-seams  found  by  the 
boring  experiments.  W.  F.  W. 
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COAL-MINING  IN  HOLLAND. 

Dcr  Berghau  un  Koenigreich  der  Niedevlandc,    By  FRANZ  BiJTTGENBACH.     Berg- 
und  HuettennKBnnische  Zeltung,  vol.  ll.,i)ages  221-223. 

The  Dutch  Grovernment  have  granted  concessions  for  the  working  of  recently- 
discovered  extensive  coal-fields  in  the  Province  of  Limburg,  on  condition  that 
operations  are  commenced  within  a  short  period  of  time,  and  it  may  be  expected 
that  coal  from  this  district  will  shortly  take  a  prominent  place  in  the  market. 

The  Worm  valley,  on  the  frontier  between  Prussia  and  Holland,  lies  chiefly  in 
the  former  country,  but  a  small  portion  of  it  extends  into  Dutch  territory,  and 
contains  the  two  coal-mines  of  Neuprik  and  Bleyerheide,  now  consolidated  into  one, 
and  a  third,  called  the  Domanial  mine,  which  is  under  Government  control.  The 
latter  extends  partly  into  Prussian  territory,  and  by  a  singular  treaty  (concluded  in 
1816)  may  be  worked  across  the  frontier  without  interference  from  the  Prussian 
mining  authorities. 

The  coal  is  anthracitic,  containing  about  90  per  cent,  of  carbon  and  2'3  per  cent, 
of  ash,  and  yielding  about  48  per  cent,  of  large  coal.  It  is  excellent  for  household 
purposes,  being  very  free  from  soot  and  smoke.  The  small  coal  is  mixed  with  clay, 
and  much  used  in  stoves. 

The  Government  mine  is  now  let  to  the  Aachen-Maastricht  Railway  Company, 
who  raise  about  200  tons  per  day,  and  employ  310  men. 

The  united  Neuprik  and  Bleyerheide  mine  lies  on  Dutch  territory,  but  is  worked 
by  a  Prussian  company.  It  is  connected  by  a  drift  with  the  Neuvoccart  mine  across 
the  frontier.  At  the  frontier  the  drift  is  fitted  with  iron  gates,  locked,  sealed,  and 
placed  under  control  of  the  Custom  House  officials. 

The  coal-mining  district,  with  an  area  of  1,4:50  acres,  is  situated  at  and  around 
the  town  of  Limburg. 

In  addition  to  the  coal-mines,  Holland  has  at  work,  near  Valkenburg  and 
Maastricht,  nine  underground  mines  for  building-stone,  including  the  well-known 
one  of  St.  Pietersberg. 

Interesting  particulars  are  given  about  the  Miners'  Mutual  Aid  Society,  which 
is  in  a  flourishing  condition.  The  society  grants  pensions  to  those  members  who  are 
over  fifty  years  of  age,  and  who  have  contributed  to  the  funds  for  five  years.  The 
contributions  amount  to  3  per  cent,  of  the  wages.  The  society  provides  liberally  in 
cases  of  sickness  or  accident,  and  the  children  of  members  receive  free  education. 
Contributions  are  regulated  according  to  the  time  of  membership  and  according  to 
classes.  The  employer  pays  half  the  amount  contributed  by  the  workmen.  The 
society  has  existed  thirty-four  years,  and  possesses  funds  to  the  amount  of  £1,168. 
The  miners  are  also  provided  with  good  houses,  and  support  co-operative  stores. 

A.  R.  L.  AND  W.  F.  W. 


MARINE  BEDS  IN  THE  CRACOW  COAL-MEASURES. 

Tlebcr  eine  marine  Einlagerung  rm  productiven  Carbon  der  Krahaiier  Gegeiid.  By 
Dr.  E.  Tietze.  Yerhandhcngeii  der  h,  k,  geologischen  Rcichsanstalt,  1892, 
pages  7<3-77. 

In  1891,  two  new  shafts  were  sunk  in  the  immediate  neighbourhood  of  Tenczynek 
(mining  district  of  Cracow)  ;  and,  at  a  depth  barely  exceeding  42  feet  from  bank,  a 
seam  of  gas  coal,  about  2  feet  thick,  was  struck.  The  roof  of  the  seam  is  formed 
by  a  band,  about  4^  inches  thick,  of  bituminous  shale,  crowded  with  fossils  ;  these, 
on  examination,  were  found  to  consist  entirely  of  the  remains  of  Lhignla  squami- 
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formis,  Phil.  The  same  genus  of  brachiopod  occurs  in  the  Upper  Silesian  coal-field, 
and  at  Ostrau,  in  conjunction  with  a  rich  marine  fauna  ;  but  in  those  localities  the 
genus  Linffula  is  not  represented  in  sufficient  abundance  to  make  its  occurrence 
characteristic. 

The  find  at  Tenczynek  appears  to  show  that  the  Cracow  Coal-measures  are  at  a 
lower  horizon  than  was  heretofore  generally  suspected.  It  proves  also  the  extension 
of  marine  conditions  very  nearly  up  to  what  is  the  presumed  easterly  limit  of  the 
coal-field.  0.  S.  E. 


THE  DONETZ  COAL-FIELD,  RUSSIA, 

Die  Kohlenlager  im  Donetzld-Bassin  in  Russland.      By  N.   Syekin.     Berg-und 
Huettenmeennische  Zeitung,  vol.  U.,  jfages  203-20i  and  241-243. 

Russia  produced  3J  million  tons  of  coal  in  the  year  1880,  i.e.,  less  than  1  per 
cent,  of  the  output  of  the  world.  In  1886,  the  output  rose  to  about  5  million  tons, 
and  it  is  now  still  greater,  but  the  production  per  head  of  the  population  remains 
less  than  one-sixth  of  that  for  the  rest  of  the  world. 

At  the  same  time  scarcely  any  other  country  is  so  rich  in  coal.  In  Saghalien 
valuable  seams  occur,  which,  though  worked  in  a  small  way,  are  too  far  from 
European  centres  of  industry  to  become  of  importance.  Near  Kusnezk,  in  Western 
Siberia,  thick  seams  of  good  quality  lie  unworked  near  the  surface,  timber  being 
abundant  in  the  neighbourhood  and  no  centre  of  industry  near.  On  both  slopes  of 
the  Urals  large  coal-fields  are  known,  but,  although  railways  and  rivers  afford  good 
facilities  for  transport,  mining  has  made  little  progress  there  also. 

The  Khirghiz  steppes  and  the  Turkestan  district  are  likewise  rich,  and  geologists 
affirm  that  beds  of  coal  stretch  from  the  White  Sea  to  the  Sea  of  Azov.  The  coal- 
seams  are  mostly  at  considerable  depths,  but  in  many  cases  they  are  near  the  surface, 
and  conveniently  situated  for  working  and  exportation.  Coal  of  rather  poor  quality 
occurs  also  in  Poland,  and  is  there  extensively  worked.  The  Caucasus  Mountains 
are  very  rich  in  coal,  and  at  Tkwibula,  near  Kutais,  seams  more  than  15  feet  thick 
lie  near  the  surface,  and  within  easy  reach  of  the  railway  and  the  sea. 

The  richest  of  all  the  Russian  coal-fields  is  the  Donetz  basin,  which  may  some 
day  come  into  active  competition  with  England  in  the  Mediterranean.  It  has  a 
known  area  of  11,000  square  miles,  and  future  exploration  may  extend  its  limits 
still  further.  It  has  numerous  seams  lying  near  the  surface  and  within  depths  of 
not  more  than  600  feet.  These  contain  coal  enough  to  supply  the  wants  of  the 
world  at  the  present  rates  of  consumption  for  fifty  years  to  come,  while  the  supplies 
at  lower  depths  are  doubtless  much  greater.  In  the  shallow  mines,  which  have 
hitherto  been  worked,  explosive  gas  is  unknown,  and  ventilation  either  by  furnace 
or  fan  is  unnecessary. 

Anthracite  occurs  in  the  south  an  1  east  of  the  district,  smithy  and  coking  coals 
in  the  west,  and  gas  coal  in  the  north,  the  latter  being  mostly  used  on  the  railways. 

The  district  is  considered  by  Prof.  Mendelejew  to  be  the  richest  in  the  world. 
The  coal  contains  about  7  to  8  per  cent,  of  a^h,  and  sometimes  as  little  as  2  to  3  per 
cent.,  with  not  more  sulphur  than  English,  and  much  less  than  Westphalian  and 
Silesian  coals.  It  contains  little  moisture,  and  when  lying  in  heaps  will  not  take 
fire  spontaneously  or  crumble  to  small  pieces.  It  can  be  worked  at  less  cost  than 
English  or  any  other  coal  except  that  of  Silesia,  and,  with  the  introduction  of 
modern  methods  of  working  and  a  general  development  of  industry,  it  may  be 
expected  to  become  cheaper  in  price. 
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The  district  is  traversed  by  the  Kursk-Charkov-Azov,  the  Woronesh- Rostov,  the 
Ikaterinin,  the  Eostov-Wladikavkass,  and  Don  railways,  the  last-mentioned,  called 
also  the  coal  railway,  having  branch  lines  over  the  whole  district.  In  addition,  the 
Donetz  river,  flowing  for  400  miles  through  the  richest  coal  country,  admits  of 
improvement  for  the  passage  of  ships.  A.  R.  L. 


THE  HERAKLEA  COAL-FIELD,  TURKEY  IN  ASIA. 

Notice  sur  le  Bassin  Houiller  d^Heraclee  {Turquie  d'Asie).  Brj  J.  d'Haeveng. 
Puhlications  de  la  Societe  des  Ingenieurs,  etc.,  du  Hainant,  third  series,  vol,  i., 
pages  278-314,  and  two  plates. 

The  Heraklea  coal-field  extends  along  the  shore  of  the  Black  Sea  from  Armut- 
chuk,  which  is  7-J  miles  east  of  Heraklea,  for  a  distance  not  yet  exactly  known. 
The  author  studied  the  general  outline  of  the  basin  to  a  distance  of  27  miles  east  of 
Armutchuk,  or  about  20  miles  of  the  coal-field.  The  extent  of  the  basin  is 
probably  at  least  90  miles,  and  to  the  east  it  recedes  from  the  sea.  On  the  shore 
its  known  width  at  present  does  not  exceed  1  ^  miles. 

Twenty-five  seams  are  worked  having  a  united  thickness  of  coal  of  138  feet,  or 
an  average  of  5^  feet,  but  the  total  number  of  workable  seams  is  42,  of  an  average 
thickness  of  3"38  feet.  The  coal-field  is  contorted,  causing  great  variations  in  the 
inclination  of  the  seams. 

The  existence  of  this  coal-field  has  been  known,  and  it  has  been  worked  to  a 
very  limited  extent,  from  ancient  times.  Some  impulse  was  given  to  its  working 
during  the  Crimean  War  by  the  importation  of  miners  to  coal  the  British  fleet. 
Since  then  working  has  been  more  extensive  than  formerly,  but  is  still  on  a  very 
limited  scale,  as  the  supply  of  labour  appears  to  be  insufficient.  The  natives  have 
few  wants  and  only  require  money  to  pay  taxes,  and  for  this  purpose  they  are 
obliged  by  the  Government  to  work  in  the  mines,  but  during  autumn  and  winter 
the  supply  of  labour  is  irregular. 

The  method  of  working  is  most  simple.  When  the  seam  is  flat  it  is  cut  from  the 
outcrop  by  two  drifts  70  to  100  yards  apart  at  different  levels,  so  as  to  establish  a 
ventilation  ;  between  these  roads  pillars  are  formed  2C  to  35  yards  square,  until 
some  slight  difficulty  arises,  and  then  the  pillars  are  drawn  back  and  completely 
removed.  In  steep  seams  the  same  principle  is  applied,  only  the  length  of  the 
pillar  is  reduced  to  4  or  5  yards. 

There  are  two  collieries  worked  by  shafts  about  45  yards  deep,  and  five  by  slopes 
with  steam  winches.  The  coal  is  carried  from  the  working-places  in  panniers  to 
the  haulage-road,  where  it  is  emptied  into  tubs  holding  2^  cwts.,  which  are  pushed 
to  the  outlet,  and  the  coals  tipped  over  screens. 

The  coal  is  taken  from  the  mines  by  rail  to  the  sea-shore  and  discharged  at  a 
wharf  into  caiques,  which  convey  it  to  vessels,  which  cannot  approach  nearer  than 
330  yards  to  the  shore.  There  is  as  yet  no  port  whatever,  but  it  has  been  proposed 
to  form  one  at  Cozlon  or  Yunguldak. 

The  coal-field  of  Heraklea  is  one  of  the  sources  of  the  civil  list  of  the  Sultan, 
and  is  under  the  charge  of  the  Marine  Minister.  Concessions  are  readily  granted, 
but  only  to  Turkish  subjects,  a  difficulty  always  easily  surmounted  by  foreigners. 
Concessions  are  granted  for  ninety-nine  years,  subject  to  liability  to  dispossession  on 
payment  of  compensation.  A  concession  usually  comprises  a  radius  of  500  yards  from 
a  fixed  point,  and  applies  to  one  seam  only.  The  administration  of  the  civil  list 
reserves  all  the  small  coal  produced,  and  sells  it.  The  coal  being  usually  rather 
hard,  the  proportion   of  small  does   not  exceed  25  per  cent.     On  the  rest  of  the 
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production  Is.  8d.  per  ton  is  paid.  It  is  also  provided  that  in  case  of  pressing 
need,  as  in  time  of  war,  the  Government  may  appropriate  60  per  cent,  of  the  large 
coal  at  the  price  of  production. 

The  total  production  of  the  coal-field  iu  1S90  was  76,000  tons,  and  in  1891  about 
90,000  tons.  The  number  of  mines  is  about  105,  but  many  of  them  produce  little 
or  no  coal.  Only  one  mine  can  produce  100  tons  per  day,  and  othei-s  produce  12,000, 
10,000,  6,000,  etc.,  tons  per  year. 

As  to  consumers,  the  Government  takes  from  35,000  to  -10,000  tons.  Other  con- 
sumers are  the  Ottoman  and  Balkan  railways,  steamboat  companies,  Constantinople 
and  other  towns.  The  coal  is  too  bituminous  to  be  good  steam  coal,  but  is  used  for 
that  purpose  because  it  is  cheaper  than  Cardiff  coal.  W.  N.  A. 


TENASSERIM  COAL-FIELD,  INDIA. 
Coal  on  the  Great  Tenasserim  River,  Mcrgul  District,  Lower  Burma.     By  T.  W. 

H.Hughes.     Records  uf  the  Geological  Survey  of  India,  1892,  vol.  xxv.,  j^ayes 

161-163. 

This  paper  records  the  re-discovery  of  coal  on  the  Great  Tenasserim  river,  first 
announced  by  Dr.  Oldham  in  1855. 

A  seam  cropping  out  on  the  banks  of  a  tributary  of  this  river  has  the  following 
section  : — 

Coal  (A) 

Shale        

Coal  (B) 

Shale 

Coal(C) 

Three  samples  gave  the  following  analyses  : 

Specimens.  A 

Moistu're  ...  15-20 

Volatile  matter  ...  30  08 

Fixed  carbon  ...  30-86 

Ash  ...  23-86 


Ft. 

In. 

0 

10 

2 

0 

2 

3 

3 

0 

4 

6 

B 

0 

10-80 

11-34 

27-36 

36-40 

42-52 

43-27 

19-32 

8-99 

100-00  ...  100-00  ...  100-00 

Does  not  cake,  and  yields  reddish  brown  ash. 

Specimen  C,  from  the  bottom  of  the  seam,  is  a  hard  jet-like  variety,  fitted  to 
stand  the  wear  and  tear  of  transport,  and  containing  little  pyrites.  The  coal  is 
above  the  average  Indian  coal,  and  when  tested  on  the  Government  steam  launch 
gave  satisfactory  results.  The  coal-field  is  unfortunately  situated  as  regards  labour 
and  carriage,  yet  the  writer  estimates  that  on  an  output  of  10,000  tons  per  annum  it 
might  be  worked,  and  conveyed  to  Mergui,  for  something  like  lis.  per  ton, 

G.  W.  B. 


DALTONGUNJ  COAL-FIELD,  INDIA. 

Boring  Exj)loration  in  the  Baltoiujunj  Coal-field,  Palamoic.  By  ToM  D.  La 
TouCHE.  Records  of  the  Geological  Survey  of  India,  1891,  vol,  xxiv.,  jjugcs 
141-153,  and  Maj). 

The  results  are  described  of  investigations  of  this  coal-field  by  means  of  borings, 
made  with  the  view  of  testing  whether  coal  could  be  produced  in  sufficient 
quantities  to  warrant  the  construction  of  a  railway',  which  would  make  it  available 
for  use  in  Upper  India.  It  is  concluded  that  it  is  extremely  doubtful  whether  coal 
could  be  produced  in  sufficiently  large  quantities. 
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The  coal-bearing  rocks  are  of  Karharbari  age,  and  occupy  an  area  of  about  30 
square  miles. 

Dr.  Saise's  estimate,  of  not  less  than  161,377,000  tons  of  coal  with  11-7  per  cent. 
of  ash  for  this  coal-field,  is  considered  too  favourable.  Analysis  shows  that  the  coal 
contains  more  ash  than  is  admissible  in  a  serviceable  coal.  This,  however,  may  be 
partly  due  to  admixture  with  sand  and  clay  during  boring.  G.  W.  B. 


NORTHERN  SHAN  STATES  COAL-FIELDS,  INDIA. 
Report  on  the  Coal-fields  in  the  JVorthern  Shan  States.  By  Fritz  Noetling. 
Records  of  the  Geological  Survey  of  India,  18'Jl,vol.  xxiv.,2Jages  99-119. 
This  paper  is  a  preliminary  description  of  certain  coal-fields  in  the  Northern 
Shan  States.  The  coal  is  probably  of  late  Tertiary  age,  but  its  exact  position  is 
uncertain.  The  seams  vary  from  2  inches  to  30  feet  in  thickness,  the  average  being 
5  to  6  feet,  the  thin  seams  not  being  frequent.     The  following  analyses  are  given  : — 


"si 

"2  • 

0)  a  CD           „• 
stag        .i-a 

°  a 
o  S 

Description. 

d  S-g 

M.° 

Ash. 

Remarks. 

^3. 

^1| 

i^a 

1 

Coal  from  Lashio,  dull  colour, 

very  brittle 

66-75 

24-05 

9-20 

Burns     readily,     with 

2 

Coal   from    Lashio,  probably 

reddish  ash. 

different  from  No.  2  seam... 

54-48 

35-44 

10-08 

Burns     readily,     with 

3 

Coal    from    Naleug    (Lashio 

reddish  ash. 

coal-fields) 

.S3-1S 

33-06 

12-46 

Does  not  cake,  not  with 
vapour  even  {sic)  ; 
ash  dark  red,  con- 
tains     much      iron 

4 

Coal  from  Namma  seam  (No. 
1),    of    bright   colour,    but 

pyrites ;  21-3  per 
cent,  of  moisture. 

rather  friable 

56-82 

38-58 

4-60 

5 

Coal  from  Namma  seam  (No. 
2),    of   bright   colour,    but 

rather  brittle 

52-59 

37-64 

9-77 

Average,    with     inter- 

6 

Coal  from  Namma  seam  (No. 
3),  of  bright,  jetty  colour, 
hard,  but  laminated ;   best 

vening  earthy  matter. 

sample          

60-45 

36-15 

3-40 

Fracture  glistening. 

7 

Coal  from  Namma  seam  (No. 
4),   of    bright    colour,   but 

rather  brittle 

58-37 

33-47 

8-16 

8 

Coal  from  Namma  seam  (No. 
5),  of  bright  colour,  lamin- 

ated, aird  brittle     

56-08 

34-08 

9-84 

9 

Coal  from   Hoetan-paipa,   on 
the     Namma     stream,     of 

bright  colour ;  friable 

.53-49 

35-12 

11-39 

10 

Coal  from  Namsale,  a  tribu- 
tary of  the  Nampong ;  dull- 

looking         

53-71 

31-69 

14-60 

11 

Coal  from  Manze  seam  (No. 
1),  of  bright   colour,   very 

brittle  ;  6  inches  seam 

53-60 

34-22 

12-18 

12 

Coal  from  Manz^  seam  (No. 
2),    dull-looking,     brittle ; 

3  inches  seam         

55-42 

34-94 

9-64 
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These  coals  form  a  very  good  fuel  when  fresh,  and  being  hard  would  bear 
transport. 

The  coal  of  the  Northern  Shan  States  is  very  much  poorer  than  that  of  the 
southern,  yet  it  is  more  favourably  situated  for  working. 

The  following  coal-fields  are  mentioned: — 1.  The  Lashio  coal-field;  2.  The 
Manz^-Namma  coal-field ;  3.  Theinnimyo ;  4.  Namyaw  Valley,  near  the  village  of 
Meungyaw;  5.  Mansang  and  Meungpat ;  6.  Nong  Hswan  in  Kyithi-Bansan  State ; 
7.  Silan  on  the  Nammaw  or  Shwely  river.     Only  the  first  two  are  described. 

The  writer's  conclusion  is  that  these  coal-fields  will  be  of  no  value  so  long  as 
there  are  no  means  of  transport  by  which  the  coals  can  be  easily  brought  down  the 
Irrawaddi  river.  Superficial  accumulations  will  make  sinking  troublesome,  and 
the  climate  predisposes  to  fever.  G.  W.  B. 


DARJILING  COAL-FIELD,  INDIA 

Further  Note  on  the  Darjiling  Coal  JUxploration.    By  P.  N.  BOSE.     Records  of  the 
Geological  Survey  of  India,  1891,  vol.  x.riv.,2}ages  212-217. 

The  result  of    this  exploration  is  that  no   promising  coal-seams  have  been 
discovered.  G.  W.  B. 


PROSPECTS  OF  GOLD,  COAL,  AND  TIN  IN  THE  MERGUI  DISTRICT, 

INDIA. 

Report  071  the  Prospecting  Operations,  Mergui  District,  1891-92.      By  T.  W.  H. 

Hughes.     Records  of  the  Geological  Surrey  of  India,  1893,  vol.  xxvi.,  pages 

40-53. 

This  paper  records  the  results  of  prospecting  for  tin,  coal,  and  gold,  confii-ms 
previous  reports,  and  states  that  the  tin  deposits  are  sufficiently  large  and  accessible 
to  be  worked  profitably  under  economical  management.  The  geological  stracture  of 
the  country,  moreover,  gives  reason  to  hope  that,  both  north  and  east  of  the 
district  prospected,  further  paying  tin  deposits  may  be  found. 

The  Tenasserim  coal-field  is  estimated  to  contain  1,000,000  tons.  The  estimated 
cost  on  a  yearly  output  of  10,000  tons  is  about  8s.  per  ton,  transit  from  the  coal- 
field to  Mergui  2s.  lOd.  per  ton,  total,  10s.  lOd.  per  ton.  Other  markets  besides 
the  local  markets  would  be  Rangoon  and  Penang. 

Little  is  mentioned  as  to  gold. 

Appendices  I.  and  II.  contain  the  reports  of  Mr.  R.  Ross  Cluuis  and  Mr. 
Alexander  Primrose  respectively.  G.  W.  B. 


COAL  IN  THE  FAR  EAST. 

Le  Charhon  en  E.rtr erne- Orient.     By  G.  Fontaine.    Revue  Maritime  et  Coloniale, 
1892,  vol.  cxv.,  pages  539-559. 

The  various  Eastern  countries  visited  by  French  men-of-war  possess  important 
resources  of  coal,  which  are  being  utilized  to  an  increasing  extent.  East  Asiatic 
coal  is,  however,  always  inferior  to  the  European  coals,  giving  a  dense  smoke  and 
more  ash  and  as  the  quantity  which  can  be  burnt  per  hour  is  limited,  the  maximum 
speed  obtainable  is  two  or  three-tenths  less  than  with  European  coal. 
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Particulars  of  many  of  these  sources  of  supply  are  given  as  follows : — 

Saghalien. 
Several  mines  are  worked,  producing  generally  lignite  of  good  quality.    Recently 
bituminous  coal  from  this  island,  giving  a  calorific  value  of  0'8  as  compared  with 
Welsh  coal,  was  procurable  at  Vladivostock  at  37s.  6d.  per  ton. 

Japan. 

Numerous  coal-basins  exist  in  the  islands  of  Yeso,  Nippon,  Shkoku,  and  Kushiu, 
and  a  great  number  of  mines  are  worked.  At  the  Tokio  exhibition  in  1890,  samples 
were  shown  from  nine  different  provinces. 

In  Yeso  there  are  four  basins  of  bituminous  coal,  the  contents  of  which  have  been 
estimated  at  400,000,000  tons.  Hakodate  is  supplied  by  the  Pororai  mines,  the 
product  from  which  sells  at  27s.  as  against  56s.  per  ton  for  Cardiff  coal,  compared 
with  which  its  calorific  value  is  0-8.  As  sold  it  is  of  large  size,  is  very  flaming,  and 
lights  easily. 

Takashima  is  the  largest  coal-mine  in  the  island  of  the  same  name,  which  has  an 
output  of  900  tons  per  day.     The  following  is  an  analysis  of  the  coal : — 

Volatile  matter  39-00 

Fixed  carbon  ...         ...         ...         55-60 

Ash  5-40 


100-00 


It  contains  0-081  per  cent,  of  sulphur,  less  than  is  usual  with  Japanese  coal,  and 
costs  24s.  6d.  per  ton  delivered  at  Nagasaki.  The  principal  objections  to  the  use  of 
this  coal  are  that  it  has  too  much  dust  and  makes  much  smoke. 

China. 
China  is  said  to  possess  coal-fields  of  enormous  extent  ;  that  of  Sechuen,  in  the 
interior,  covering  250,000  square  miles,  but  the  production  is  small,  and  the  quality 
of  the  products  brought  to  the  coast  bad. 

Formosa. 
The  basin  of  Kelung,  on  the  north  coast  of  Formosa,  covers  an  area  of  5  000 
acres,  and  contains  four  beds,  varying  in  thickness  from  20  inches  to  4^  feet.  The 
output  in  1882,  when  sickness  put  an  end  to  the  working,  was  74,000  tons  per 
annum.  The  works  have  since  then  been  re-established,  and  the  coal  in  1889  sold 
at  24s.  per  ton. 

East  Indian  Arcliipelago. 

Borneo,  Java,  Sumatra,  Cebou  and  other  islands  contain  coal,  which,  however, 
does  not  appear  to  be  actively  worked. 

Tonkin,  etc. 

Coal  exists  in  several  places,  and  is  worked  at   Kebao  and  Turane,  as  to  the 
product  from  which  the  following  details  are  given  : — 


Kebao 

Volatile  Matter. 

Per  Cent. 

33-6  to  36-6 

Fixed  Carbon. 

Per  Cent. 
59-2  to  61-8 

Ash. 

Per  Cent. 

4-7 

Turane 

6  to  15 

74-6  to  77 

8  to  19-4 

Both  are  anthracitic  coals,  and  the  latter  in  particular  will  not  support  com- 
bustion by  itself. 

The  paper  concludes  with  elaborate  comparisons  as  to  useful  effect  between  these 
Eastern  coals  and  other  well-known  products.  G.  E.  C. 
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EARTHQUAKES  IN  ALGERIA. 

yote  sill-  les  tremblemenis  de  terre  cu  Algerie.     By  G.  Chesxeau.     Annales  des 
Mines,  1892,  sei-ies  9,  vol.  i.,  pages  5-46,  and  plates  I.  and  II. 

The  author,  a  Government  engineer,  was  apparently  deputed  by  the  French 
Ministry  of  Public  "Works  in  1888  to  study  the  question  of  earth-tremors  in  Algeria 
in  connexion  with  the  geological  structure  of  the  colony. 

He  "^ives  a  concise  account  of  the  shocks  which  have  been  recorded  there  between 
1639  and  1888,  the  earthquake  of  1790  being  mentioned  as  especially  disastrous. 
Of  more  recent  earthquakes,  those  of  1867  and  1887  were  the  most  violent. 

It  is  pretty  conclusively  shown  that  the  axiom  laid  down  by  Italian  seismologists — 
viz.,  that  in  zones  liable  to  earthquakes  the  direction  of  the  strongest  horizontal 
shocks  is  either  perpendicular  or  parallel  to  the  principal  lines  of  fracture  or 
plication  in  the  strata  of  the  country — is  applicable  to  Algeria. 

The  character  of  the  rocks  is  an  important  factor,  both  in  the  speed  of  propaga- 
tion and  in  the  dynamical  effects  of  earth-tremors.  Through  thick  deposits  of  drift 
or  alluvium,  for  instance,  the  shock  is  transmitted  with  somewhat  the  same  difficulty 
as  a  sound-wave  through  bran  or  sawdust.  But  a  comparatively  thin  layer  of  sand 
or  loam,  resting  on  a  more  compact  rock,  behaves  much  as  the  vibrating  sand-grains 
on  a  sounding-board. 

Outcrops  of  crysialline  and  Palaeozoic  rocks  are,  comparatively  speaking,  seldom 
met  with  in  Algeria ;  one  notable  exception  is  the  patch  of  gneiss  and  schists  on 
which  the  city  of  Algiers  is  built.  A  great  band  of  Jurassic  marls  and  limestones 
runs  from  west  to  east,  partly  concealed  by  newer  strata.  North  and  south  of  that 
strip  appear  the  alternating  clays  and  sandstones  of  the  Gault,  succeeded  in  their 
turn  by  Eocene,  Miocene,  Pliocene,  and  a  vast  extent  of  Quaternary  deposits.  The 
geological  resume  is  elucidated  by  a  map  which  accompanies  the  original  paper. 

The  author  remarks  in  conclusion  that  most  Algerian  towns  (excepting  Algiers 
and  Constantiue)  are,  from  the  seismological  standpoint,  built  on  sites  as  ill-chosen 
as  could  possibly  be.  They  stand  indeed  in  the  best  cultivated  districts  of  the 
dependency  ;  now,  these  naturally  irrigated,  good  arable  lands  are  low-lying  alluvial 
plains  stretching  along  the  base  of  mountain-ranges,  forming  just  the  kind  of 
country  which  experience  has  shown  to  be  the  most  exposed  to  seismic  disturbances. 

0.  S.  E. 

ELECTRIC  AUXILIARY  HAULING-MOTOR. 

By  Thomson  van  Depoele.  Ulectric  Winding  Engines  for  Mine  Haulage. 
Engineering  and  Mining  Journal  (^Xew  Yori'),  vol.  li.,  page  659,  with  illus- 
tration. 

In  many  cases  where  electricity  is  used  for  mine  haulage  it  happens  that  there  is 
onlv  one  steep  grade  on  the  line,  without  which  it  would  be  possible  to  use  much 
smaller  electric  locomotives,  or,  it  may  be,  after  a  plant  has  been  installed,  extension 
up  a  steeper  grade  is  necessary.  In  such  cases,  an  auxiliary  stationary  motor,  set 
at  the  top  of  the  hiU,  which  could  be  operated  from  the  same  circuit  as  the  locomo- 
tive, would  overcome  these  difficulties. 

The  motor  shown  in  the  illustration  was  recently  made  for  a  Western  coal-mine 
for  this  purpose.  The  outside  dimensions  of  the  hoist  are  9  feet  by  7  feet  1  inches, 
and  the  total  height  is  nearly  6  feet.  The  motive-power  is  furnished  by  a  Thomson- 
Houston  motor  of  35  horse-power,  and  wound  for  a  potential  of  410  volts.  It  is 
series-wound,  and  runs  normally  under  load  at  a  speed  of  1,100  revolutions  per 
minute.    The  speed  from  the  motor-armature  is  reduced  so  as  to  give  a  rope-speed  of 
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a  little  over  500  feet  per  minute.  The  drum,  which  is  mounted  on  a  sleeve  and  is 
thrown  into  action  with  the  large  gear  by  a  friction-clutch,  is  4  feet  in  diameter, 
with  a  36-inches  face.  It  is  equipped  with  five  controlling-levers,  one  of  which 
operates  the  rheostat  contact,  one  the  drum  clutch,  two  are  brake  levers,  which  are 
entirely  independent  one  of  the  other,  and  the  last  throws  the  reversing-switch, 
giving  the  drum,  when  thrown  into  action  with  the  motor,  positive  motion  in  either 
direction  of  rotation.  J.  W. 

ACCIDENTS  DUE  TO  FIKE-DAMP  IN  PRUSSIAN  MINES   DURING  1891. 
Die  im  Jahre  1891  avf  den  Stcinlcohlcn- Bergice rlwn  Preussens  durch  schlagende 
Wetter    verursachten    Ungliichsfdllc.      Anon.      Zcitschrift   fur   dan    Berg- 
Eiitten-und  Salinen-  Wesen  ivi  preussischen  Staate,  iud.xl.,2mges  41-58. 
During  1891,  104  fire-damp  explosions — 101   resulting  in  more  or  less  serious 
injury  to  life  and  limb,  1  having  no  such  results — occurred  in  65  various  collieries 
in  the  kingdom  of  Prussia.     Of  these  explosions,  85  took  place  in  the  Lower  Rhine- 
Ruhr  coal-field,  5  in  the  Aix-la-Chapelle  coal-field,  3  in  that  of  Saarbrtick,  7  in 
Lower  Silesia,  and  1  in  the  North  German  Wealden  coal-mines.     As  mentioned  else- 
where, 132  persons  lost  their  lives  thereby,  46  others  were  seriously  injured,  and  138 
slightly  hurt.     It  is  noticeable  that  six  fatal  explosions  (an  average  of  one  apiece) 
occurred  in  six  mines  of  Lower  Rhine-Ruhr,  where  the  coal  worked  is  apt  to  make 
much  dust. 

The  immediate  causes  of  explosion  are  classified  as  follows  : — 

Cases. 

Use  of  naked  lights        ...         11 

Use  of  matches,  tobacco  pipes,  etc 5 

Unauthorized  opening  of  safety-lamps  ...         ...         ...       7 

Damaged  condition  of  safety- lamps,  or  injury  to  same  in 

course  of  use ...         ...     12 

Sparks  from  soot  or  oil  clinging  to  the  gauze  of  the  safety- 
lamp    ...  ..         ...         , 1 

Flame  blown  through  gauze  of   safety-lamp  by  too  great 
rapidity  of  air-current        ...         ...         ,,.         ...         ...       5 

Flame  striking  through  gauze,  owing  to  careless  handling 

of  safety-lamp  25 

Shot-fii-ing 36 

As  to  coal-dust,  the  state  of  the  workings  at  the  time  of  explosion  is  described 
as  being  damp  in  24  cases,  dry  and  not  especially  dusty  in  58  cases,  dry  with  more 
or  less  dust  in  19  cases,  and  1  case  unknown.  The  worst  explosion,  causing  57 
deaths,  took  place  in  a  dusty  mine.  In  10  fatal  explosions,  one  result  of  the  acci- 
dent was  to  coke  the  dust  present  in  the  mine. 

As  to  atmospheric  conditions,  sudden  changes  took  place  in  the  barometer-level 
at  the  time  of  7  explosions,  change  in  air-temperature  only  in  1  case,  and  change 
both  in  air-temperature  and  barometer-level  in  2  cases. 

The  greatest  number  of  explosions  occun-ed  in  March,  and  January  was,  as  in 
previous  years,  an  exceptionally  unlucky  month. 

The  origin  of  the  fire-damp  is  ascribed  to  slow,  continual  streaming  in  of  the  gas 
in  58  cases,  to  secondary  accumulations  in  5  cases,  to  sudden  fall  of  rock  in  1  case, 
to  blowers  in  25  cases,  to  sudden  issue  from  fissures  in  10  cases,  and  from  a  borehole 
in  1  case  ;  the  origin  is  unaccounted  for  in  2  cases. 

To  the  above  numbers  must  be  added  4  cases  of  suffocation  of  miners  by 
fire-damp  in  the  Lower  Rhine-Ruhr  coal-field  without  the  occurrence  of  an 
explosion.  0,  S.  E. 
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THE  FIRE  IN  THE  FANNY-CHASSEE  COAL-PIT,  LAURAHUTTE, 
UPPER  SILESIA. 

Der  Gruienirand  a%f  der  Steinkohlengruhe  Fanny-Chassee  bei  Laurahutte  O.-S. 
By —  FiEBlG.  Zeitschr.  fiir  das  Berg-Hiittcn-'und  Salincn-  Wesen  im  Prenss. 
Staate,  1892,  vol.  xxxviiL,  pages  291-295. 

In  the  Fanny-Chassee  coal-pit  three  seams  are  worked,  being  in  ascending 
order  : — 

The  Caroline  seam     19^  to  24  feet  thick. 

The  Gliick  seam  ...         ...         6^  feet  thick,  and 

The  Fanny  seam        ...         ...         ...         ...     26  feet  thick. 

Between  the  two  uppermost  seams  the  barren  rock  is  made  up  of  strongly 
bituminous  shales,  with  much  pyrites,  13  feet  in  thickness  ;  while  between  the 
Gliick  and  the  Caroline  seams  occur  shales  and  square-jointed  sandstones  82  feet 
thick.  In  all  three  coal-seams  numerous  fissures  traverse  the  mass,  filled  with  fine 
coal-dust. 

The  sinking  of  the  shaft  in  the  first  years  of  this  century  was  attended  with 
considerable  difficulties,  owing  to  the  many  water-feeders  and  the  unfavourable  lie 
of  the  strata.  These  difficulties  were  presently  complicated  by  the  fire,  which 
suddenly  blazed  up  with  great  fierceness  in  the  workings.  At  one  time  the  fire  was 
attributed  to  the  masses  of  burning  cinders  from  a  waste-heap  (of  the  neighbouring 
Glauben  zincworks)  which  fell  in  with  a  portion  of  the  measures  on  the  breaking 
down  of  the  pillars  near  the  outcrop  of  the  Fanny  seam.  Dams  of  timber  and 
masonry  plastered  with  lime  proved  ineffectual  to  arrest  the  fire,  which  forced  its 
way  through  the  fissures  in  the  coal.  Large  areas  were  successively  given  up  to  the 
flames.  Then  spherical  iron  dams  were  used,  and  water  conveyed  from  the  surface 
by  the  help  of  steam-power  was  poured  on  to  the  workings  behind  the  dams  ;  but 
the  pressure  of  the  vast  quantity  of  water  thus  ponded  back  broke  through  the 
dams  and  pillars,  and  the  water  itself,  taking  up  the  sulphureous  products  of 
combustion,  became  sufficiently  acid  to  corrode  the  pumping  gear. 

Proceeding  still  on  the  assumption  that  the  fire  had  been  communicated  by  some 
means  from  aboveground  to  the  goaf,  the  engineers  left  in  all  three  seams  a  pillar 
of  coal  11  feet  thick  standing  right  round  the  burning  area,  and  in  all  headings 
meeting  this  pillar  masonry-dams  were  built  with  great  care.  It  now  seemed  that 
the  fire  had  been  efEectually  cut  off,  and  in  some  places  the  coal  was  worked  right 
up  to  the  boundary  pillar  without  any  further  interruption. 

Suddenly,  however,  the  flames  burst  forth  in  the  Fanny  seam,  in  a  portion  of  the 
workings  which  had  but  lately  been  worked,  and  was  entirely  shut  off  from  the  old 
area  of  conflagration.  It  now  became  evident  that  the  origin  of  the  fire  was  not 
external,  but  was  traceable  to  spontaneous  combustion  of  the  coal.  Large  masses  of 
coal  brought  to  day  were,  as  an  experiment,  thrown  together  in  great  heaps ;  contrary 
to  expectation,  however,  they  did  not  burst  into  flame.  Then  it  was  pointed  out  that 
the  fire  had  on  no  occasion  originated  in  the  Caroline  seam,  and  experiments  soon 
proved  that  the  decomposition  of  the  pyrites  contained  in  the  bituminous  shales 
lying  betwixt  the  two  other  seams  was  the  true  cause  of  the  fire.  This  fact  being 
placed  beyond  doubt,  the  methods  of  working  and  ventilation  were  altered  ;  it  was 
important  that  good  use  should  be  made  of  the  sort  of  truce  which  intervenes 
between  the  opening  up  of  a  new  district  and  the  actual  outbreak  of  fire.  The 
workings  are  divided  into  smaller  areas  than  formerly,  and  at  certain  points  dams 
are  built  in  the  self-acting  planes  and  in  the  bord-ways,  leaving  just  the  necessary 
openings  for  haulage  and  for  passage  of  air-currents  ;  bricks  and  mortar  lie  ready 
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to  hand  for  stopping  up  these  openings  at  short  notice.  The  coal  being  so  largely- 
fissured,  roof,  floor,  and  working-face  are  plastered  with  mortar  for  considerable 
distances.  Where  small  ventilating  shafts  are  not  found  sufficient  to  secure  a 
regular  air-current,  Korting's  steam  spray-injectors  are  used.  If  fire  breaks  out, 
it  is  soon  circumscribed  by  the  airtight  dams,  and  dies  down  of  itself  for  want  of 
oxygen.  When  the  thermometer  on  the  hither  side  of  the  dam  shows  a  sufficient 
fall  of  temperature,  an  opening  is  made,  the  noxious  gases  driven  ofE  by  fresh  air- 
currents,  and  the  district  examined  with  safety-lamps.  All  being  well,  the  workings 
are  carried  on  and  continued  till  the  next  outbreak  of  fire.  0.  S.  E. 


ON  THE  ANALOGY  IN  MODE  OF  OCCURRENCE  BETWEEN  THE  NATURAL 
GAS  OF  THE  UNITED  STATES  AND  FIRE-DAMP  OF  BELGIUM. 

Su?-  les  Analogies  de  Gisemcnt  du  Gaz  i^aturel  mix  Etats-Unis  et  du  Grisim  en 
Belgique.  By  —  Lohest.  Annales  de  la  Societe  Geologique  de  Behjiqtie, 
vol.  xla:,  2>(i(je-^  44-47. 

In  the  United  States,  gas  and  petroleum  occur  in  anticlinal  folds  ;  in  the 
Belgian  coal-fields,  plicated  strata  contain  the  most  fire-damp.  In  the  Mons  basin, 
for  example,  the  southern  portion,  where  the  structure  is  very  complex,  is  subject  to 
instantaneous  disengagements  of  fire-damp.  Towards  the  north  of  the  basin,  how- 
ever, where  the  beds  lie  flat,  there  is  little  fire-damp.  Similarly,  in  the  Liege  basin, 
fire-damp  is  most  abundant  where  the  strata  are  most  disturbed.  The  roofs  of  the 
coal-seams  are  compared  with  the  impermeable  shales  which  cover  the  porous  gas- 
yielding  limestones,  and  the  coal  itself,  fractured  and  full  of  joints,  to  the  latter. 

While  the  author  thus  thinks  it  possible  that  the  fire-damp  may  be  concentrated 
in  the  anticlinal  folds,  as  in  America,  he  admits  the  difficulty  that  the  fractures 
of  such  folded  beds  would  tend  to  facilitate  the  escape  of  the  gas,  while  in  the 
horizontal  strata  it  might  rather  be  expected  to  be  retained.*  G.  W.  B. 


A  FIRE-DAMP  INDICATOR. 

Note  sur  un  Nouvel  Indicateur  de  Grmm.    By  G.  Chesneau.    Annales  des  Mines, 
series  9,  vol.  ii.,  pages  203-221,  and  2  plates. 

Mr.  Chesneau,  after  describing  the  dangers  and  inconveniences  connected  with 
the  use  of  the  Pieler  alcohol  lamp  and  of  different  improved  models  of  that  lamp, 
describes  an  alcohol  lamp  of  his  own  invention. 

It  is  composed  of  a  brass  reservoir  for  the  alcohol,  surmounted  by  a  circular 
crown  for  the  admission  of  air  (which  can  be  regulated)  through  double  gauzes. 
Resting  on  the  crown  and  surrounding  the  wick-tube  is  a  solid  cylinder  of  sheet- 
iron  which  serves  as  a  screen.  Above  this  screen,  and  resting  on  it,  is  an  iron-wire 
gauze  5^  inches  high.  The  gauze  is  surrounded  by  a  sheet-iron  shield  furnished 
with  an  observing-window.  completely  closed  by  a  sheet  of  mica,  on  which  a  scale  is 
engraved.  The  shield  is  fitted  at  its  base  with  an  annular  diaphrasm  which  closely 
surrounds  the  base  of  the  gauze  so  that  the  exterior  air  can  never  arrive  directly  to 
the  gauze.  The  diaphragm  rests  on  an  asbestos  washer  for  the  purpose  of  diminish- 
ing the  heating  of  the  lower  part  of  the  lamp  when  it  is  in  a  gaseous  mixture  and 
the  shield  gets  hot.     The  top  of  the  shield  is  furnished  with  openings  protected  by 

•  [But  if  fire-flamp  be  a  consequence  of  partial  distillatinn  of  coal  its  presence  in  disturbed  strata 
is  easily  accounted  for,  as  being  the  result  of  the  heat  produced  by  thrusting  and  folding.  —Ed.] 
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screens  to  prevent  currents  striking  the  gauze.  An  outer  movable  screen  of  sheet- 
iron  having  a  window,  protects,  when  required,  the  base  of  the  observation- 
window  in  the  shield  against  currents,  and  this  prevents  the  deposit  of  dew  which 
tends  to  form  on  the  interior  of  the  mica  by  outside  cooling. 

To  make  an  observation,  it  suffices  to  bring  the  window  in  the  movable  outer 
shield  in  front  of  the  mica  ol)servation-window.  In  a  calm  atmosphere  the  dew 
disappears  of  itself  some  minutes  after  lighting,  and  only  re-forms  when  the  lamp  is 
bi'ought  into  a  cold  current. 

The  interior  of  the  reservoir  contains  a  small  piece  of  cottonwool  under  the 
wick-tube  to  prevent  the  rapid  escape  of  alcohol  if  the  lamp  is  overturned.  When 
the  reservoir  of  the  ordinary  Pieler  lamp  is  tightly  packed  with  cottonwool  it  only 
gives  a  cap  in  gaseous  mixtures  for  some  minutes,  because  the  alcohol  retained  by 
the  cotton  ascends  the  wick  with  difficulty,  and  the  flame  soon  lowers,  and  the  wick 
carbonizes.  The  almost  total  suppression  of  the  cottonwool  in  the  new  lamp  offers 
no  danger,  because  the  lamp  goes  out,  when  laid  horizontally,  before  the  alcohol  can 
spread  in  the  lamp.  It  is  not  so  with  the  ordinary  Pieler  lamp,  where  the  alcohol  can 
spread  and  burn  on  the  gauze  when  they  are  flllwl  and  much  inclined.  The  alcohol 
is  introduced  by  a  hole,  fitted  by  a  screw,  a  tight  joint  being  obtained  by  means  of  a 
washer  of  lead  or  leather.     The  weight  of  the  lamp,  full  of  alcohol,  is  3-2  lbs. 

The  entry  of  the  air  and  the  exit  of  the  products  of  combustion  being  absolutely 
separate  in  the  new  indicator  there  can  be  no  mixture  between  them  as  in  the 
Pieler  lamp,  in  which  air  charged  with  gas  may  come  in  and  burn  in  the  whole 
height  of  the  gauze  and  heat  it  strongly.  Placed  in  stationary  gaseous  mixtures 
of  increasing  percentages,  the  lamp  gives  caps  which  only  reach  the  top  of  the  gauze 
with  about  3  per  cent,  with  the  alcohol  flame  regulation  adopted.  With  from 
3  to  5'5  per  cent,  the  alcohol  flame  elongates,  the  cap  enlarges,  becomes  cylindrical, 
but  lowers  more  and  more  from  the  summit,  tiie  lamp  being  unable  to  emit  the 
increasing  products  of  combustion.  A  little  above  5'75  per  cent.,  the  alcohol  flame 
elongates  towards  the  top  of  the  gauze,  but  without  sensibly  heating  it,  the  quantity 
of  air  drawn  in  being  insufficient  for  the  complete  combustion  of  the  gas,  and  the 
alcoholic  vapour  liberated  by  the  heating  of  the  lamp.  Above  5'7o  per  cent, 
(proportion  inferior  to  the  limit  of  inflammability  of  air  and  fire-damp,  which  is 
produced  with  6'1  per  cent.)  all  flame  disappears  in  the  lamp,  and  the  gas  burns 
with  a  very  paleflame  in  the  crown  only  without  considerably  heating  the  reservoir. 
AH  is  extinguished  after  some  seconds  very  rapidly  if  the  inlet  regulator  is  closed. 
The  alcohol  flame  of  the  lamp  reduces  rapidly  to  its  initial  height  when  removed 
to  pure  air.  Tested  in  explosive  currents  the  lamp  appeared  as  safe  as  ordinary 
safety-lamps  of  good  construction. 

The  height  of  the  caps  vary  considerably  according  to  the  volatility  of  the 
alcohol  employed,  and  to  obtain  comparable  results  the  same  alcohol  must  be  used. 
The  alcohol  giving  the  best  results  is  wood  spirit  or  methylated  alcohol  of  92-5  degs. 
by  the  Gay-Lussac  alcohol-meter  at  59  degs.  Fahr.  To  increase  the  visibility  of  the 
caps,  chloride  of  copper  may  be  dissolved  in  the  alcohol  with  a  little  hydrochloric 
acid  to  maintain  it  in  solution.  The  proportion  recommended  is  about  17  drops  of 
a  saturated  solution  of  crystallized  chloride  of  copper  in  concentrated  hydrochloric 
acid  per  pint  of  alcohol;  this  gives  the  alcohol  flame  a  green  tinge.  In  this  way  caps 
may  be  seen  with  from  0-1  to  0-2  per  cent  of  fire-damp.  They  are  easily  seen  with 
0*3  per  cent,  or  more. 

The  proper  methods  of  regulating  the  alcohol  flame  and  the  appearance  of  the 
caps  are  minutely  described.  W.  N.  A. 
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CLASSIFICATION  OF  ORE-DEPOSITS. 

By  J.  F.  Kemp.     School  of  Mines  Quarterly  QXew  York),  vol.  ,vir.,  jxiges  8-2-t. 

This  paper  gives  a  resume  of  the  various  attempts  at  the  classification  of  ore- 
deposits  which  have  from  time  to  time  beea  made,  from  von  Cotta  downwards. 
The  author  decides  in  favour  of  scliemes  based  entirely  on  origin,  as  opposed  to 
those  which  dei)C'iid  more  or  less  completely  on  form  or  character  of  filling ;  and 
proposes  a  detailed  classification  which  divides  ore-deposits  into  four  classes,  viz.  : — 
(«)  Of  igneous  origin  ;  {!>)  deposited  from  solution  ;  {c)  deposited  from  suspension  ; 
{d)  of  indeterminate  origin.  These  classes,  especially  {h),  are  of  course  largely 
subdivided.  G.  E.  C. 


THE  ORIGIN  OF  CALAMINE-DEPOSITS. 

Note  sur  VOrigine  des  Gitcs  Caluminaires.  By  A.  Lodin.  Bulletin  de  la  Societe 
Geologique  de  Fraiice,  series^,  vol.  xLv., pages  783-793. 

The  author  first  points  out  that  two  theories  have  been  successively  proposed  to 
account  for  the  origin  of  the  deposits  of  carbonate,  hydrated  carbonate,  and 
anhydrous  (or,  as  the  case  may  be,  hydrated)  silicate  of  zinc,  collectively  known  to 
miners  as  calamine.  The  oldest  theory  postulates  the  derivation  of  these  ores  from 
pre-existing  sulphides,  altered  by  atmospheric  agency.  Tiiis  hypothesis  is  based  on 
the  almost  constant  occurrence,  in  the  deposits,  of  blende,  galena,  and  pyrites,  in  a 
quantity  which  increases  directly  as  the  depth  from  the  surface. 

The  other  theory,  originated  by  Elie  de  Beaumont  and  developed  by  Delanoue, 
postulates  the  uprise  of  acid  waters  containing  zinc  in  solution,  which  is  deposited 
on  contact  with  limestone.  In  that  case,  the  presence  of  blende  and  the  accompany- 
ing sulphides  would  be  due  to  the  reduction  and  sulphurization  of  oxydic  ores  by 
organic  matter.  One  of  the  chief  arguments  adduced  in  support  of  this  theory  was 
the  presumed  refractoriness  of  blende  to  atmospheric  agencies,  but  facts  do  not 
accord  with  this  presumption  :  thus,  at  the  Pontpean  mine,  some  heaps  of  blende 
which  have  been  exposed  to  the  air  for  about  a  century  have  finally  lost  all  their 
zinc,  leaving  only  a  plumbiferous  and  argentiferous  residue. 

The  author's  study  of  several  calamine-deposits,  combined  with  a  series  of 
experiments,  leads  him  to  reject  absolutely  the  last-mentioned  theory  and  to  confirm 
the  older  hypothesis.  He  draws  attention  to  the  occurrence  of  calamine  as  being 
exclusively  in  calcareous  rocks,  never  in  siliceous  or  alumino-siliceous  rocks,  and 
concludes  that  the  deposition  of  the  ore  is  due  to  chemical  precipitation  by  calcium 
carbonate.  He  describes  in  detail  the  principal  features  of  a  calamine-deposit, 
taking  as  examples  those  of  Sardinia,  and  points  out  that  their  constitution  is 
closely  connected  with  the  actual  surface-features  of  the  district  and  with  the  mean 
level  of  the  underground  waters  (la  nappe  souterraine'). 

The  reaction  of  water,  hokling  oxygen  in  solution,  on  blende-galena  deposits 
produces  («)  ferric  hyposulphate  and  lead  sulphate,  (J)  zinc  sulphate  and  sulphuric 
acid.  Group  a  remains  in  situ,  and  is  gradually  decomposed  by  the  action  of 
oxygenated  and  calcareous  waters  into  iron  oxide  and  lead  carbonate  ;  while  group  b 
tends  to  percolate  downward  through  the  rocks. 

Now  zinc  sulphate  in  concentrated  solution  is  precipitated  by  calcium  carbonate, 
the  results  of  the  reaction  being  a  mixture  of  hydrated  calcium  sulphate  and  zinc 
hydrocarbonate  (hydrozincite).  The  experimental  difficulties  of  producing  also  the 
anhydrous  carbonate  (Smithsonite),  which  occurs  in  conjunction  with  hydrozincite 
in  calamine-deposits,  appear  to  be  insuperable  so  far,  but  its  occurrence  in  nature 
may  be  explained  as  follows  : — 
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1. — Presence  of  a  large  excess  of  sulphuric  acid  or  of  very  acid  ferric  sulphate  ; 
consequent  formation  of  gypsum  and  absorption  of  sufficient  water  to  prevent  the 
formation  of  hydrocarbonate. 

2. — Presence  of  carbonic  acid  gas  at  a  sufficient  tension  to  prevent  the  hydration 
of  the  anhydrous  carbonate  by  water  in  excess.  (At  the  calamine  mines  of  Malines, 
in  the  Department  of  the  Gard,  carbon  dioxide  often  comes  off  in  such  quantities 
in  the  neighbourhood  of  great  masses  of  calamine  and  blende  that  the  work  of 
quarrying  through  the  limestone  to  get  at  the  ore  has  to  be  suspended  for  a  few 
days). 

3, — Dissolution  of  the  hydrocarbonate  in  water  holding  carbonic  acid  in  excess, 
then  precipitation  (from  this  solution)  of  the  anhydrous  carbonate  by  excess  of 
calcium  carbonate.  To  this  reaction  the  author  would  largely  attribute  the  origin 
of  the  veins  of  pure  Smithsonite  which  are  often  found  in  the  hanging  and  foot- 
walls  of  the  deposits. 

As  to  magnesian  limestones,  the  author  found  that  giobertite  (natural  carbonate 
of  magnesia)  gave  no  precipitate  with  a  sulphate  of  zinc  solution  ;  but  powdered 
dolomite,  after  a  prolonged  contact,  gave  a  very  feeble  precipitate. 

The  origin  of  the  silicates  in  calamine-deposits  is  no  doubt  due  to  the  presence 
of  hydrated  or  combined  silica  in  the  limestones,  which  are  acted  upon  by  the 
sulphate  of  zinc  ;  and,  given  that  condition,  the  author  considers  the  formation  of 
zinc  silicate  just  as  easy  of  explanation  as  the  formation  of  zinc  hydrocarbonate. 

0.  S.  E. 


THE  PERSISTENCE  OF  ORES  IX  LODES  IN  DEPTH. 
Btj  \Vm.  p.  Blake.     Engineering  and  Mining  Journal  (JVeto  Yuri'),  roL  Ir.,  page  3. 

Prof.  Blake  discusses  the  question  of  the  relative  mineralization  of  lodes  at  great 
and  shallow  depths,  in  the  light  of  increasing  evidence  that  it  has  been  effected,  in 
the  majority  of  cases,  by  lateral  secretion.  The  presumption  is  that  the  solvent 
action  and  movement  of  the  solutions  would  be  greatest  comparatively  near  the 
surface,  yet  this  does  not  necessarily  affect  the  mineralization,  as  cases  are  cited  of 
lodes  which  in  depth  have  changed  from  wet  to  dry,  without  any  falling  off  in 
the  productiveness  of  the  lodes.  In  the  Butte  district  there  are  sometimes  evidences 
of  active  oxidation  far  below  the  water-level ;  and  there  is  no  ultimate  tendency  to 
decreasing  richness  in  depth. 

Apart  from  the  outcrops  of  lodes,  which  are  affected  by  special  climatic  and  other 
agencies  referred  to  in  detail,  the  conclusion  is  that,  in  a  homogeneous  country-rock, 
the  productiveness  of  lodes  may  be  expected  to  continue  to  as  great  a  depth  as  is 
likely  to  be  reached  in  practice.  G.  E.  C. 


FLORA  AND  FAUNA  OF  THE  BELGIAN   COAL-MEASURES. 

]\fateriau,v  poitr  la  flare  et  la  fanne  du  houUler  de  Belgique.     Par  X.  Stainiee. 
Annalefi  de  la  Societe  Geologlqtie  de  Belgique,  vol  xix.,2}agcs  333-,S59. 

The  author  points  out  the  importance  of  a  knowledge  of  the  flora  and  fauna  in 
the  study  of  the  origin  of  coal,  and  in  the  practical  question  of  the  correlation  of 
seams. 

An  important  result  of  the  investigation  is  the  establishment  of  the  fact  of  the 
abundance  of  fish-remains  in  the  Belgian  coal-field,  as  hitherto  they  have  been 
rarely  recorded.  The  roofs  of  many  of  the  coal  seams  contain  numerous  scales  and 
other  remains.     One  is  described  as  a  veritable  bone-bed.     It  occurs  over  the  first 
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workable  seam  in  the  Upper  Coal-measures,  and  the  author  suggests  its  correlation 
with  the  bone-bed  in  Yorkshire. 

A  table  of  fossils,  classified  according  to  their  horizons  in  the  Coal-measures,  is 
given. 

In  the  Saiute-Barbe  seam,  calcareous  nodules  containing  Goniatltes  {diadema, 
and  Listeri)  are  found.  Some  of  these  Goniatites  contain  carbonaceous  matter.  The 
presence  of  marine — or  even  pelagic — organisms,  such  as  Goniatites,  in  the  very 
midst  of  a  coal-seam,  is  important  in  connexion  with  theories  of  the  origin  of  coal.* 

G.  W.  B. 


MINERAL  DEPOSITS  OF  THE    CAUCASUS. 

IVute  nur  les  Pr'mcipaux  Glsements  Mineraux  de  la  Region  du  Caucase.      By  — 
Leproux.    Annales  den  Mines,  .series  9,  vol.  ii.,  2'>uges  401-540,  and  plate  XIII. 

The  mountain-chain  of  the  Caucasus,  formed  near  the  end  of  the  Tertiary  period, 
runs  about  west-north-west  to  east-south-east.  Between  it  and  the  Anti-Caucasus 
to  the  south  there  are  two  main  valleys  sloping  to  the  Caspian  and  Black  Sea 
respectively.  In  these  a  series  of  Tertiary  formations  are  developed,  covered  towards 
the  Caspian  by  loess.  The  Tertiary  rocks  are  succeeded  by  some  little-developed 
cretaceous  beds ;  next  come  Jurassic  rocks,  often  traversed  by  sheets  of  diabase  and 
mela})hyre;  and  then  a  considerable  thickness  of  Palaeozoic  clay-slates  of  doubtful 
ago,  which  rise  to  the  north  and  south  against  the  crystalline  rocks  forming  the  axis 
of  the  chain. 

Iron. — This  is  fairly  abundant,  but  too  far  from  the  coast  for  export ;  and  the 
extensive  destruction  of  the  forests,  and  the  scarcity  and  poor  quality  of  the  coal, 
render  smelting  impossible,  unless  petroleum  can  be  utilized. 

Manganese. — The  deposits  are  of  considerable  importance,  especially  those  on  the 
river  Kvirilla  in  the  district  of  Charopan,  where  the  mineral-bearing  country  com- 
prises an  area  of  130  square  kilometres.  The  beds,  accompanied  by  limestone  and 
sandstone  of  the  Upper  Eocene,  rest  on  the  Upper  Chalk.  All  have  remained 
horizontal,  and  are  well  exposed  in  section  by  the  deep  valleys  of  the  Kvirilla  and 
its  aifluents. 

The  following  analyses,  among  others,  are  given  : — 

Manganese       ..          .54*86  ...  5905 

Oxygen  (combined  with  manganese)        ...  31  "84  ...  24*25 

Iron       1-50  ...  100 

Waste 11-80  ...  5-70 

The  average  Kvirilla  ores  give  55  per  cent,  of  manganese,  0'15  to  0"20  per  cent, 
of  phosphorus,  and  2  to  6  per  cent,  of  silica. 

The  production  has  been  approximately  as  follows  : — 

Tons.  Tons. 

1884  .  .         17,000         ...         1887         ...  53,000 

1885  ...         .56,000         ...         1888         ...  30,000 

1886  ...         68,000         ...         1889         ...  70,000 

The  cost  of  raising  is  stated  as  7s.  6d.  per  ton,  and  transport  from  the  mine  to 
Kvirilla  station  21s.  per  ton. 

Cobalt. — Several  deposits  of  cobaltine  exist  in  the  government  of  Yelizavetpol, 
of  which  the  most  important  is  that  of  Daschkessan.  This  occurs  under  a  sheet  of 
diabase  carying  much  oxide  of  iron  ;  the  cobaltine  is  contained  in  the  rock  forming 
the  wall,  together  with  garnets  and  copper  pyrites. 

[*  Marine  organisms  may  be  washed  up  on  to  a  beach  or  into  an  estuarine  sandbank  or  marsh  after 
great  storms  in  fair  abundance.    Nodules  prove  nothing  as  to  where  the  organisms  lived.— Ed.] 

VOL.  XUI.-1802-93.  "" 
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Lead  and  Silver. — Many  lodes  carrying  argentiferous  galena  traverse  the  crystal- 
line rocks  forming  the  axis  of  the  chain  and  the  Palasozoic  rocks  immediately  above 
them,  but  the  only  mines  of  any  importance  are  those  of  Sadone,  near  Vladikavkaz, 
These  produced,  in  1888,  5.660  tons  of  mineral  containi.ig  0-02  per  cent,  of  silver, 
6  to  7  per  cent,  of  lead,  and  006  per  cent,  of  copper.  They  belong  to  the  Govern- 
ment, and  the  ores  are  treated  near  by. 

Zi)ic. — Only  one  mine  is  being  worked,  that  of  Khot-Eli,  south  of  Batoum,  the 
ore  from  which  runs  12  per  cent,  of  zinc  and  6  per  cent,  of  copper,  but  only  125  tons 
were  exported  in  1888. 

Coj}j)er. — A  great  many  deposits  of  copper  are  known  throughout  the  Caucasus, 
the  most  important  of  which  are  those  of  Alverdski,  Kedibek,  and  Zangezour,  on  the 
north  side  of  the  Auti- Caucasus,  in  the  Governments  of  Tiflis  and  Yelizavetpol. 
These  deposits  are  rich,  but  situated  in  a  very  difficult  and  elevated  region,  where 
the  only  fuel  obtainable  is  petroleum  residue,  which  at  Kedabek  costs  considerably 
over  £3  per  ton. 

The  deposit  of  Alverdski  appears  to  be  a  large  irregular  mass  at  the  contact 
between  diabase  and  quartzite.  The  ore  consists  of  copper  pyrites,  grey  copper  and 
erubescite,  in  a  gangue  of  iron  pyrites  and  gypsum,  and  varies  in  percentage  from 
8  to  25,  with  an  average  of  10  per  cent. 

The  deposits  at  Kedabek  are  also  irregular  masses,  the  nature  of  which  is  not 
definitely  indicated.  They  are  composed  of  a  quartzose  rock  sprinkled  with 
pyrites  and  black  oxide  of  copper. 

The  following  analyses,  among  others,  are  given  :— 


Upper              Karl- 
Mass,               stock 
Large  Grains.       Average. 

ArnoM- 

stock. 

Rich  Ore. 

50  yards,  south 
of  Upper 

Mass. 
Average. 

Silver         

...        002      ., 

— 

— 

— 

Copper       

...     13-32     .. 

9-29 

...     22-05 

...       7-12 

Iron            

...     84-38     „ 

15-66 

...     14-31 

.,,     25-92 

Zinc            

— 

1-87 

...       5-82 

.,,       5-10 

Sulphur     .,. 

...     38-85     .. 

22-32 

...     23-74 

...     25-80 

Insoluble  matter ... 

...     11-29     .. 

46-46 

..      30-38 

...     15-25 

Manganese,  antimony. 

etc.      3-12      . 

— 

— 

— 

The  deposits  of  Zangezour,  near  the  Persian  frontier,  consist  of  a  breccia  about 
2  feet  thick,  at  the  contact  between  granitic  syenite  and  diorite,  both  of  which  are 
mineralized.  It  contains  granite  cemented  by  a  ferruginous  clay,  both  carrying 
malachite,  copper  oxide,  native  copper,  etc,  the  average  copper  contents  of  the 
whole  being  about  10  per  cent. 

The  total  production  of  copper  was  1,500  tons  in  1889.  In  1838,  it  was  24,000 
tons  of  ore. 

Gold  has  been  found  /?i  situ  in  a  few  places,  and  in  the  gravels  of  some  of  the 
rivers,  but  never  in  workable  quantity. 

Petroleum. — Deposits  ^xist  all  round  the  Caucasus  chain  where  it  merges  into 
the  low  country,  but  are  of  most  importance  at  the  two  extremities,  the  peninsulas 
of  Tamansk  and  Apscheron,  especially  the  latter,  where  the  Baku  wells  are  world- 
famous.  The  petroleum  is  generally,  though  not  exclusively,  found  in  the  Upper 
Tertiary  series. 

Contrary  to  the  generality  of  Caucasian  petroleum,  that  of  the  Tamansk  peninsula 
is  light  (density  0755  to  0-825),  It  is  contained  in  thick  beds  of  clayey  sand  of 
Tertiary  age,  and  is  very  irregular  in  distribution.  In  the  region  to  the  south,  the 
petroleum  is  heavy  and  thick  (density  0945  to  0-985). 
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The  Baku  deposits  are  practically  confined  to  the  Apscheron  peninsula,  the 
formation  of  which  is  entirely  Tertiary  and  post-Tertiary  ;  and  are  generally  found 
in  the  southern  and  eastern  portions  of  the  anticlinal  folds.  The  petroleum  is 
usually  oily  and  thick,  of  brown  or  black  colour,  but  there  are  great  diiferences  in 
the  density.  In  some  cases  it  is  accompanied  by  salt  water,  the  absence  in  which 
of  bromine  and  iodine  indicates  that  it  does  not  come  from  the  Caspian,  as  had  been 
supposed.  Tlic  total  production  for  the  region  was  3,3ir),004  tons  in  1889,  of  which 
3,282,633  tons  was  from  Baku. 

Coal. — Coal-beds  are  very  numerous,  being  found  almost  wherever  the  Jurassic 
formation  crops  out,  but  they  are  thin  and  of  poor  quality.  A  number  of  localities 
are  described. 

The  total  production  in  1888  was  8,522  tons,  including  lignite,  etc.  G.  E.  C. 


THE  MINERAL  POVERTY  OF  WESTERN  BORNEO. 

Notes  Recueillles  au  Cours  d'une  Ea^jdoration  dans  Vile  de  Borneo.    By  —  Chaper. 
Bulletin  de  la  Soviets  Geologique  de  France,  series  3,  vol.  xix.,  pages  877-882. 

The  author  went  up  the  great  river  Kapoeas  on  a  trading  steamer  from 
Pontianak  to  Sintang  (210  miles),  and  then  in  boats  manned  by  natives  to  Semitau 
(72  miles).  The  banks  are  low  and  apparently  made  up  of  yellowish  clay  ;  indeed, 
the  whole  plain-country  is  covered  by  a  deposit  of  fine  clay  (about  14  feet  thick), 
and  this  extends  up  the  hillsides  to  the  200  feet  level.  Below  the  clay  are 
yellowish  sandstones  and  soft  shales,  with  which  are  intercalated  two  or  three 
bands  of  hard  conglomerate.  Near  Mounts  Oejan  and  Rajoen,  the  rocks  are 
intensely  metamorphosed  into  quartzite,  jasper,  and  dark  green  diorite  with 
garnets.  In  both  the  Kapoeas  and  Sebroeang  valleys  there  are  below  the  clay 
deposits  of  very  fine  white  auriferous  and  diamantiferous  sand.  Some  of  these 
deposits  are  still  washed  for  gold  by  natives  and  Chinamen,  but  the  profits  are 
comparatively  small.  As  to  diamonds,  the  author  purchased  three  at  a  high  price 
at  Samarangai.  but  there  is  strong  reason  to  believe  that  they  had  been  brought  to 
Borneo  from  some  other  country.  Lignites  of  fairly  good  quality  occur  in  plastic 
clay  in  the  Knapei  Valley  and  at  Selimbau,  in  localities  which  are  under  water  in 
the  rainy  season.  At  Blietang  there  are  several  bands  of  lignite,  one  of  which  is 
said  to  be  15  or  16  feet  thick  ;  but  here  also,  the  seams  are  under  water  when  the 
river  is  higli. 

To  sum  up,  that  part  of  Western  Borneo  which  came  under  the  author's  observa- 
tion appears  to  offer  little  scope  for  industrial  enterprise  ;  and  the  chief  hopes  of 
explorers  must  be  directed  to  the  still  unknown,  mountainous  centre  of  the  island. 

O.  S.  E. 


ECONOMIC  RESOURCES  OF  SIKKIM. 

Notes  on  the  Geology  and  Mineral  Resources  of  SiJikim.     By  P.  N.  BosE.     Records 
of  the  Geological  Survey  of  India,  vol.  xxiv.,  pages  217-230,  and  map. 

The  mineral  wealth  of  the  district  consists  chiefly  of  copper  ores.  They  occur 
in  a  series  of  rocks  known  as  the  Daling  Group,  and  are  disseminated  through  the 
schists  and  slates  in  bands  and  veins  parallel  to  the  bedding.  In  one  case  a  true 
lode  occurs.  The  ore  is  copper  pyrites,  often  accompanied  by  mundic.  Traces  of 
sulphate,  carbonate,  and  oxide  of  copper  frequently  occur  as  the  result  of  the 
alteration  of  the  pyrites.  The  gangue  is  shale  hardened  by  the  infiltration  of 
quartz,  or  of  quartz  alone.     In  the  junction-beds   and   in  the  underlying  gneiss 
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itself,  copper  is  also  found,  but  the  ores  are  less  rich.  In  the  Daling  Group  the 
richest  ores  occur  in  greenish-grey,  rather  soft  slaty  shales.  The  ores  are  worked 
by  the  natives,  but,  owing  to  their  primitive  methods,  they  are  compelled  to  abandon 
their  mines  as  soon  as  they  get  to  a  certain  depth,  on  account  of  the  volume  of 
water.  With  improved  appliances,  the  deeper,  and  apparently  richer,  deposits 
could  be  reached. 

Analysis  of  a  sample  of  ore  taken  at  random  from  one  of  the  workings  gave 
20'31  per  cent,  of  copper.  An  average  sample  from  another  working  gave  12"21  per 
cent.  Picked  ore  from  the  Rathokhdne  locality  was  found  by  Mr.  Mallet  to  contain 
8  or  9  per  cent.  G.  W.  B. 


SWAMP  OAK  AND  NIANGALA  GOLD-FIELDS,  NEW  SOUTH  WALES. 

Geological  Notes  on  the  Swamp  Oak  and  Niangala  Gold-fields.    By  G.  A.  Stonier. 
Records  of  the  Geological  Survey  of  JVew  South  Wales,  vol.  Hi.,  2^ages  60-68. 

The  Swamp  Oak  gold-field  is  situated  about  25  miles  east  of  Tamworth,  New 
South  Wales,  and  that  of  Niangala  9  miles  farther  south-east,  a  little  west  of  the 
watershed  of  the  Great  Dividing  Range. 

Alluvial  gold  has  been  found  since  1852  in  Swamp  Oak  Creek,  and  there  is 
auriferous  Tertiary  alluvitim,  overlaid  by  basalt,  at  Niangala,  which,  however,  has 
been  little  tested  as  yet. 

The  gold-bearing  reefs  are  contained  in  Lower  Carboniferous  mudstones  ;  the 
whole  series  is  seamed  with  quartz,  but  the  veins  only  carry  gold  in  the  vicinity  of 
diorite-dykes,  which  occur  in  a  well-marked  axis  of  upheaval  which  has  probably 
occasioned  the  veins. 

The  auriferous  belt  at  Swamp  Oak  is  2^  miles  long  and  1^  miles  wide.  The 
reefs  cannot  be  traced  any  distance — this  being  apparently  due  to  closing  of  the 
walls  and  not  to  complicated  faulting.  They  mostly  dip  towards  the  dyke.  They 
all  carry  mispickel  in  isolated  crystals,  averaging  H  per  cent,  of  the  bulk.  Iron 
pyrites  is  exceptional.  The  gold  is  fine,  and  mostly  in  combination  with  the 
mispickel.  So  far  as  the  district  has  been  opened  out  the  gold  seems  to  run  in 
shoots,  not,  as  a  rule,  exceeding  20  feet  in  width.  The  average  thickness  is  9  inches 
to  1  foot,  the  veins  themselves  running  up  to  3  feet.  The  distance  between  the 
shoots  and  their  dip  vary  considerably. 

The  Niangala  district  appears  to  resemble  that  of  Swamp  Oak  in  general 
character.  G.  E.  C. 


GRAPHITE    FROM   CEYLON. 

On  Veins  of  Graphite  in  Decomposed  Gneiss  {Laterite^  in  Ceylon.  By  Dr. 
JoHAN^fES  Walther,  translated  by  R.  B.  Foote.  Bvcords  of  the 
Geological  Surrey  of  India,  vol.  xxiv., pages  42-45. 

The  most  important  mineral  export  from  Ceylon  is  graphite.  In  the  virgin 
forests  mighty  domes  of  grey  gneiss  weathered  to  a  depth  of  39  feet,  and  soft 
enough  to  be  cut  with  a  knife,  occur.  In  this  decomposed  gneiss,  or  laterite,  many 
branched  veins  of  graphite  are  found.  The  main  veins  are  from  4^  to  8|  inches 
in  thickness.  As  to  the  origin  of  the  graphite,  it  is  supposed  that  the  fissures 
originated  in  the  unweathered  gneiss  by  dislocations,  and  that  they  were  afterwards 
filled  by  sublimation  of  some  hydrocarbon  rich  in  carbon.  G.  W.  B, 
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THE   OFOTEN  EATLWAY,  AND  THE  IRON-OEE  DEPOSITS  OF  SWEDISH 

LAPLAND. 

Ofotenhanen   og    Jernmalmfelterne   i   Sxensk   Lapviarhvn,       By   Prof.    Amukd 
Hellakd.     Xursli  Tehnhli  Tidsskrift,  vol.  x.,j}ages  1  to  13,  cnul  ttvo  j^lntes. 

As  is  well  known,  all  work  on  the  Ofoten-Lnlea  railway,  projected  to  open  up 
these  deposits,  is  now  stopped,  and  the  English  company  which  held  the  concession 
has  forfeited  it.  The  section  from  Gellivare  to  Lulea,  on  which  a  large  amount  of 
work  has  been  done,  will  probably  be  taken  over  and  finished  by  the  Swedish 
Government.  The  parliament  has  already  granted  seven  million  kroner  (nearly 
£400,000)  for  this  purpose. 

The  known  iron-ore  deposits  of  importance  are  four  in  number — Gellivare, 
Kirunavara,  Luossavara,  and  Svappavara ;  of  which  the  latter  is  of  little  immediate 
interest,  as  it  is  far  from  the  projected  line  of  railway.  The  standard  description 
of  these  deposits  is  that  of  the  special  commission  sent  by  the  Swedish  Government 
to  examine  them  in  1875,  and  published  by  the  Swedish  Geological  Survey  in  1877. 

Gellivare  is  in  the  extreme  north  of  Sweden,  207  kilometres  north-north-west  of 
Lulea,  on  the  Gulf  of  Bothnia.  The  ore-deposits  occur  in  an  irregular  line  of  low 
hills,  4  or  5  kilometres  in  length,  rising  from  the  surrounding  marshy  land  and 
forest,  the  ore  being  traced  by  its  actual  outcrop  where  the  rock  is  bare,  and  by 
magnetic  survey  where  the  surface  is  covered  with  soil  and  gravel.  The  country - 
rock  is  gneiss,  in  which  ore-layers  of  various  size  occur,  and  which  includes  dykes 
and  masses  of  granite.  The  ore  and  gneiss  are  interbedded,  and  in  places  are  curved 
and  contorted  together ;  the  strike  varies,  but  generally  approaches  north-east,  with 
a  south-easterly  dip.  The  ore  is  principally  magnetite,  with  a  varying  admixture  of 
red  haematite. 

Of  41  general  average  samples  taken  by  the  Commission,  2G  had  over  70  per  cent, 
of  metallic  iron  ;  13  gave  from  GO  to  70  per  cent,  and  only  2  gave  under  60  per  cent. 
It  is  free  from  visible  pyrites — 9  only  of  the  samples  giving  over  0-05  per  cent,  of 
sulphur,  while  12  had  none  at  all ;  but  in  places  it  shows  considerable  amounts  of 
apatite  sprinkled  throughout  the  mass.  Of  the  41  samples  taken,  10  showed  less 
than  0"05  per  cent,  of  phosphorus,  3  between  0*05  per  cent,  and  0*1  per  cent.,  and 
21  over  0-1  per  cent.,  the  highest  being  07  per  cent. ;  and  it  appears  that  the  ore 
from  the  same  mass  contains  largely  varying  amounts  of  phosphorus,  which  is  con- 
firmed by  the  experience  of  the  charcoal-iron  smelters,  who  have  taken  ore  from 
here  on  a  very  small  scale  for  over  100  years. 

It  will  be  seen  that  the  Gellivare  deposit  is  not,  as  before  reported,  a  whole 
mountain  of  iron  ore ;  it  is  only  a  mountain  containing  ore-belts  and  masses ;  but 
these  are  of  great  size,  up  to  and  over  100  feet  in  width,  and  include  5  per  cent,  of 
the  surface  over  which  they  occur.  The  total  area  of  the  ore-masses  is  reckoned  at 
G52,310  square  metres  (over  160  acres),  or  more  than  that  of  all  the  other  deposits  of 
Lapland  put  together ;  of  this,  94,(!73  square  metres  is  considered  to  be  fi-ee  from 
harmful  impurities,  and  in  belts  of  sufficient  width.  At  o  tons  to  the  cubic  metre 
this  should  produce  473,365  tons  of  good  ore  for  each  metre  sunk,  or  nearly  seven 
times  as  much  if  the  inferior  ore  is  included. 

The  Kirunavara  deposit  is  312  kilometres  from  Lulea,  in  the  same  north-north- 
westerly direction,  and  is  only  182  kilometres  from  the  western  coast  of  Norway,  at 
Ofoten.  There  is  here  a  hill  over  3  kilometres  long,  running  almost  north  and  south 
the  mid  ridge  of  which  consists  of  solid  iron  ore,  from  55  to  over  230  metres  wide, 
standing  out  in  bokl  crests. 


410  NOTES  OF  PAPEES  IN  FOREIGN 

This  deposit  was  known  as  early  as  1736.  The  rock  is  greyish  or  reddish 
porpliyritic  hallejlinta,  and  the  ore-mass,  consisting  exclusively  of  magnetite,  is 
nearly  vertical.  Of  28  general  samples  taken  by  the  Commission,  12  contained  from 
70  to  1?>^  per  cent,  of  iron;  13  from  (35  to  70  per  cent.;  and  only  3  were  poorer;  the 
lowest  result  being  6H  per  cent.  The  amount  of  sulphur  is  small,  varying  from 
0'03  to  0-15  per  cent.,  but  the  phosphorus  is  in  places  considerable.  Only  4  samples 
gave  from  0*03  to  0-017  per  cent.,  the  other  24  ranging  from  0'30.5  to  2802  per  cent., 
with  an  average  of  1-396  per  cent.  It  is  remarkable  that  all  the  samples  from  the 
middle  of  the  deposit  gave  the  highest  results  for  phosphorus,  while  those  taken 
farther  north  or  south,  towards  either  end,  were  progressively  poorer,  until  ore  of 
excellent  quality,  practically  free  from  phosphorus,  is  reached. 

As  this  deposit  crops  out  at  the  surface  along  its  whole  length,  and  is  free  from 
detrital  covering,  its  extent  cannot  be  doubted.  Its  area  is  calculated  at  311,000 
square  metres,  the  length  being  4,157  metres,  and  the  average  width  about  75  metres ; 
at  5  tons  to  the  cubic  metre  this  would  produce  1,555,000  tons  for  each  metre  in 
depth  removed ;  and  it  is  estimated  that  the  enormous  amount  of  260,675,000  tons 
exists  in  the  hill  above  water-level,  available  by  open  quarrying. 

The  Luossavara  deposit  is  only  2  kilometres  north  of  that  just  described,  on  the 
other  side  of  a  small  lake,  and  in  almost  the  same  line  of  strike.  The  deposit  here 
is  in  a  conical  hill,  much  covered  with  detrital  matter  and  trees;  the  ore  only 
crops  out  at  the  surface  as  a  large  mass  at  the  top  of  the  hill,  its  extent  having  been 
defined  by  compass  surveys.  These  show  its  length  to  be  1,336  metres,  and  the 
breadth  at  the  top  is  46  metres,  the  area  being  taken  at  49,276  square  metres.  This 
would  give  246,  380  tons  of  ore  for  each  metre  of  deposit  removed,  and  it  is 
estimated  that  27,679,700  tons  exist  in  the  hill  above  water-level. 

Of  8  general  samples,  5  gave  from  70  to  73  per  cent,  of  iron,  and  3  between  67^ 
and  69  per  cent ;  the  sulphur  varying  from  0-03  to  0'09  per  cent..  For  phosphorus, 
2  gave  under  0-01  per  cent.,  and  4  others  under  0-03  per  cent.,  the  remaining  2  giving 
0'057  and  0-082  per  cent. 

Svappavara  is  about  60  kilometres  north-east  of  Gellivare.  Its  iron-ore  deposits 
are  extensive,  being  623  metres  long  by  53  to  98  metres  broad,  or  an  area  of  37,376 
square  metres,  so  that  each  metre  in  depth  should  yield  over  180,000  tons  of  ore,  and 
it  is  estimated  that  between  66  and  67  million  tons  are  available  above  the  water- 
level.  The  ore  is  magnetite  with  haematite,  containing  from  50  to  73  per  cent,  of 
iron  ;  sulphur  is  absent,  but  the  ore  contains  from  0*129  to  1-547  per  cent,  of  phos- 
phorus. The  deposit,  being  far  from  the  projected  line  of  railway,  is  now  of  little 
interest. 

Prof.  Helland  next  discusses  the  present  sources  of  iron  ore  in  Europe,  and 
concludes  that  they  are  rapidly  becoming  inadequate  to  meet  the  demand,  and  that 
the  British  ironmasters  in  particular  are  likely  to  need  large  amounts  of  rich  ore 
from  new  sources.  He  considei-s  that  they  can  best  be  supplied  from  these  deposits, 
and  that  an  output  of  some  millions  of  tons  per  annum  could  not  be  considered  as 
over-production.  He  then  discusses  the  present  condition  of  the  projected  railway 
from  Ofoten  on  the  Atlantic  side  to  Lulea  on  the  Gulf  of  Bothnia,  which  would  open 
up  the  deposits,  and  shows  that  much  work  has  been  done  on  it  already,  and  that 
the  section  from  Gellivare  to  Lulea  will  probably  be  completed  by  the  Swedish 
Government.  The  paper,  which  is  accompanied  by  two  good  maps,  is  to  be  con- 
tinued with  a  consideration  of  the  cost  of  extracting  the  ore  and  of  shipping  it  to 
foreign  ports.  A.  L.  C. 
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ON  THE  FORMATION  OF  THE  MOST  IMPORTANT  GROUPS  OF 
IRON-ORE  DEPOSITS  IN  SCANDINAVIA. 

Oin  diDutelien  af  de  vigtigstc  i  Norge  ug  Svenge  re])resentcrL-de  gnqqier  af  Jcni' 
vtahiifovchomster.  By  J.  H.  L.  VoGT.  Geolugislta  Fdreningciiis  i  Stochhohii 
Forhandlingar,  vol.  ,riv.,2f'igc-f  211-248. 

This  number  contains  an  exhaustive  examination  and  classification  of  the  iron- 
oj-e  deposits  of  Norway  and  Sweden,  from  a  theoretical  standpoint.  It  ends  with  a 
complete  summary  of  the  whole  paper  in  German.  A.  L,  C. 


THE  IRON  DEPOSITS  OF  EASTERN  SPAIN. 

Subre  los  Criaderos  de  Hierro  y  de  Plomo  del  Levante  de  Espana,     By  JUAN  Pie  Y 
Allue.     Revista  Minera,  vol.  xliii.,  j^cffC''^  193-196  and  213-217. 

The  author  deals  only  with  the  more  commercially  important  iron  deposits 
which  are  interstratified  in  the  limestones,  either  contained  entirely  by  them  or  at 
the  contact  with  the  slates.  These  deposits  are  of  recent  origin,  contemporaneous 
with  the  present  outline  of  the  mountain-systems,  and  owe  their  origin  to  the 
thermal  springs  carrying  iron  in  solution. 

At  the  contact  of  the  iron  with  the  limestone  or  dolomite,  and  even  separating 
the  various  kinds  of  ore  in  a  deposit,  it  is  common  to  find  clayey  bands  analogous 
in  chemical  composition  to  the  fiucans  of  lodes ;  these  doubtless  result  from  the 
double  decomposition  in  the  limestone  and  dolomite  and  from  the  wear  of  the  slates. 
The  frequent  presence  of  gypsum  in  the  walls  of  the  deposit  is  also  easily  explained 
by  the  action  of  sulphur-bearing  waters  on  the  limestones. 

The  following  laws  are  found  to  obtain  with  reference  to  these  deposits  : — Their 
direction  is  always  parallel  to  that  of  the  range  to  which  they  belong ;  the  dip  is  the 
same  as  the  slope  of  the  mountain ;  and  the  degree  of  inclination  usually  diminishes 
with  increased  distance  from  the  summit. 

Details  of  many  of  the  more  important  outcrops  in  the  Sierras  Alhamilla,  de 
B^dar,  and  de  Enmedio,  and  the  district  of  Morata  are  given  in  the  paper,  but  are 
not  here  abstracted. 

Withoirt  being  equal  to  the  best  Bilbao  ores,  tliose  of  this  region  are  suitable  for 
all  metallurgical  operations.  The  sulphur  and  phosphorus  are,  with  the  exception 
of  one  district,  below  the  limit  allowed  for  first-class  irons.  The  insoluble  residue 
varies  greatly,  in  some  cases  rendering  careful  washing  necessary,  whilst  in  others 
it  is  very  low.  The  silica  depends  somewhat  on  the  enclosing  strata,  the  deposits 
enclosed  in  the  Triassic  ranges  having  less  than  those  in'  the  older  rocks.  The 
quantity  of  manganese  is  greater  than  at  Bilbao. 

The  iron  percentage,  as  would  be  supposed  from  the  formation,  is  also  variable. 
Where  the  metalliferous  springs  met  with  pre-existing  cavities,  the  ore  is  of  high 
quality  ;  whereas  where  the  limestone  had  to  be  dissolved  away  it  falls  into  two 
classes  of  47  per  cent,  and  over  .50  per  cent,  respectively.  It  is  observed  that  where 
the  deposits  are  largest  the  quality  is  best. 

The  essential  difference  between  these  deposits  and  those  of  Bilbao  lies  rather  in 
their  disposition  than  in  their  nature.  Whereas  at  Billao  we  have  a  bed  of  great 
persistence,  more  or  less  horizontal,  but  of  limited  thickness,  in  Eastern  Spain  we 
have  successive  beds  of  less  persistence,  with  approximately  vertical  inclination. 

As  to  the  quantities  available,  it  is  not  possible  to  form  any  definite  idea,  but  the 
region   seems  fitted  to   become  the   successor   to   Bilbao.      The  author  mentions 
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estimates  which  have  been  made  by  various  persons  of  the  quantities  available  in 
different  districts,  amounting  altogether  to  over  30,000,000  tons,  and  considei-s  that 
these  figures  understate  the  case. 

In  subsequent  numbers  the  geological  conditions  of  the  district  are  discussed  at 
great  length.  G.  E.  C. 

IRON-OEES  OF  SALEM,  INDIA. 
Preliminary  Bejwrt  on  the  Iron-Ores  and  Iron  Industries  of  the  Salew  District. 
By  Thomas  H.  Holland.     Becords  of  the  Geological  Sitrtcy  of  India,  vol. 
x.vv.,  pages  135-159. 

Salem  appears  to  be  an  important  iron  district.  The  chief  ore  is  magnetite, 
which  also  contains  the  largest  percentage  of  iron.  A  practically  inexhaustible 
supply  of  ore,  containing  nearly  60  per  cent,  of  metallic  iron,  is  obtainable  in  the 
Salem  district.  The  iron  is  very  free  from  phosphorus  and  sulphur,  although 
detailed  analyses  are  wanting.  Hjematite  is  subordinate  in  importance.  Ores 
formed  by  the  weathering  of  hjematite — limonite,  brown  haematite,  clay-ironstone, 
etc. — occur,  but,  although  used  by  the  natives  on  account  of  their  softness,  they  are 
of  little  importance.     Chromite  also  occurs. 

No  manganese  ores  are  known  in  the  district.  Corundum  deposits,  valuable 
possibly  as  a  source  of  aluminium,  occur. 

These  iron-ores  are  worked  in  a  primitive  and  wasteful  fashion  by  the  natives, 
who  make  both  wrought-iron  and  steel.  Their  methods  are  described  as  imperfect 
forms  of  the  Catalan  and  bloomery  processes  of  Europe  and  of  America.  The  fuel 
used  is  charcoal,  the  harder  and  more  slowly-growing  native  woods  being  preferred 
for  this  purpose. 

Many  thousand  acres  of  available  forest  occur  in  the  neighbourhood. 

The  following  estimation  of  the  timber  supply  per  annum  and  the  resulting 
yield  of  ii'on  is  given  : — 

Salem  taluq   ...         

Attur         „     

Namakal  „     ... 
Uttankarai ,,  ... 

Total        20,075         1,499 

Investigation  is  required  as  to  which  of  the  native  woods  are  the  most  suitable 
for  the  production  of  charcoal  for  iron  smelting.  G.  W.  B. 


Timber. 

Iron. 

Tons. 

Tons. 

5,736      . 

.      400 

833     . 

.        58 

5,366     .. 

.     416 

8,140     . 

.     625 

GOLD  AND  IRON-ORE  IN  ELDSLAND,  TIERRA  DEL  FUEGO, 
ARGENTINE   REPUBLIC. 
Om  recenta  lager  af  jernmalm  under  Mldning  pa  Eldslandet.     By  Ant.  Sjogben 
and  C.  Jul.  Caelsson.     Geologisha  Foreningens  i  Stockholm  Forhandlingar. 
vol.  xiv.,2)ages  75-86,  and  woodcuts. 
Mr.  C.  J.  Carlsson  was  chief  of  an  expedition  sent  in  the  latter  half  of  1886  to 
investigate  part  of  Patagonia  and  Tierra  del  Fuego,  which  had  been  reported  rich 
in  gold.     The  expedition  went  from  Punta  Arenas,  near  the  Magellanes  Strait,  by 
sea  to  Bahia  Porvenir,  on  the  north-west  coast  of  Tierra   del   Fuego  ;    thence  it 
proceeded  by  Bahia  Inutil  to  Bahia  San  Sebastian,  on  the  east  coast,  fi-om  which,  as 
a  base,  all  the  coast  to  lat.  53°  47'  south  was  investigated. 

The  rocks  of  the  northern  part  of  Tierra  del  Fuego  are  sandstones  and  conglomer- 
ates of  Tertiary  age,  with  occasional  bands  of  lignite ;  and  are  thinly  overlain  by 
more  recent  (Quaternary)  deposits.  'Ihe  Tertiary  strata  piobably  overlie  schists 
of  Cambrian  age,  as  at  Mendoza  and  other  places  in  the  Cordillera. 
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Gold  is  found  in  many  places,  on  the  sea-coast  and  in  the  beds  of  most  of  the 
rivers  and  streams  coming  down  from  the  Cordillera,  along  the  whole  coast  up  to 
Santa  Cruz  in  Patagonia,  but  seldom  in  paying  quantities.  The  original  source  of 
the  gold  is  as  yet  uncertain  ;  but  gold  has  been  found  in  certain  beds  of  the  Tertiary 
strata,  although  in  minute  quantities  only. 

The  gold  is  accompanied  by  magnetite  and  haematite,  brownish-red  garnet,  dark 
hornblende,  and  titanite,  forming  a  black  ironsand,  which  is  regarded  as  the  best 
indication  of  gold.  This  ironsand  is  very  common  in  the  surface-deposits  (Quater- 
nary), especially  on  the  seacoast  and  in  some  of  the  river-valleys,  where  it  has  been 
concentrated  into  considerable  layers  ;  as  at  Valle  CuUan,  where  some  Chilians  have 
erected  a  dressing-works  for  its  treatment ;  and  at  Nombre  Head,  where  there  is  a 
layer  about  1-20  metres  thick,  between  the  Tertiary  and  Quaternary  deposits,  only 
4r  or  5  metres  from  the  surface.  Similar  sand  is  found  along  the  whole  line  of  the 
east  coast,  in  a  band  from  0*01  metre  to  over  1  metre  thick,  and  of  varying  width  up 
to  10  or  15  metres,  more  or  less  mixed  with  quartz  sand  ;  and  it  is  probable  that 
similar  beds  exist  at  the  sea-bottom  for  a  considerable  distance  from  the  shore,  as 
soundings  often  show  black  sand,  and  large  amounts  of  it  are  cast  up  on  the  beach 
after  strong  easterly  winds. 

Gold  sometimes  occurs  mixed  with  the  sand  ;  but  it  is  more  generally  concentrated 
beneath  it  on  the  bed-rock,  or  in  a  cement  of  clay  and  small  stones.  Its  appearance 
and  composition  (roughly,  an  alloy  of  80  per  cent,  of  gold,  and  20  per  cent,  of  silver) 
are  the  same  over  the  whole  district,  except  that  in  the  interior  the  gold  is  generally 
coarser,  nuggets  weighing  as  much  as  30  or  40  grammes  having  been  found,  while 
on  the  seacoast  the  largest  hitherto  found  has  not  weighed  quite  2  grammes.  The 
deposits  are  extremely  variable  in  value  :  one  small  layer  gave  800  grammes  of  gold 
to  the  cubic  metre  of  sand  washed,  but  an  average  richness  is  about  15  grammes  per 
cubic  metre. 

Mr.  A.  Sjogren  suggests  that  the  interbedded  deposits  of  magnetite  and  haema- 
tite, so  common  in  Sweden  and  North  America,  may  have  had  an  origin  analagous 
to  that  of  the  beds  of  ironsand  above  described. 

He  thinks  that  an  examination  of  the  magnetite  deposits,  especially  in  their 
deeper  workings,  cleaiiy  shows  them  to  have  been  formed  contemporaneously  with 
the  enclosing  quartzite,  gneiss,  or  other  strata,  and  that  all  the  conditions  would  be 
met  by  supposing  them  to  have  been  formed  from  the  ferruginous  detritus  of  older 
rocks,  mechanically  concentrated  by  running  streams  or  by  the  waves  of  the  sea. 

A.  L.  C. 


IRON-ORES  OF  MEXICO. 
The  Occurrence  of  Hwmatite  and  Martite  Iron-Ores  in  Mexico.    By  Robert  T. 
Hill.     American  Journal  of  Science,     Series  Hi.,  vol.  ,vlv.,j)agcs  111-119. 

The  paper  refers  to  the  descriptions  by  Mr.  Birkinbine  and  Prof.  Silliman  of  the 
famous  Cerro  de  Mercado  near  Durango,  and  describes  a  similar  deposit  near  Mon- 
clova,  Coahnila,  on  the  Mexican  International  Railway. 

The  mountain  in  which  the  deposit  occurs  is  composed  of  nearly  vertical  strata  of 
hard  limestone  of  Lower  Cretaceous  age,  traversed  parallel  to  the  stratification  by 
vast  masses  of  eruptive  diorite,  certainly  of  later  origin. 

The  extensive  talus  of  limestone  debris  around  the  base  of  the  mountain  is 
largely  minged  with  rounded  lumps  of  specular  hsematite.  About  1 ,000  feet  above 
the  railway  are  exposed  large  masses  of  ore,  in  a  line  corresponding  with  the  strike 
of  the  limestone-diorite  contacts;  resembling  fragments  of  a  vertical  vein,  but 
apparently  non-continuous.      Some  are  entirely  in  limestone,  others  entirely  in 
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diorite,  while  several  present  a  wall  of  each.  They  seem  to  have  beea  formed  by 
replacement  of  the  limestone  at  the  contact,  or  of  the  masses  of  limestone  included 
in  the  diorite,  and  are  certainly  of  later  age  than  the  enclosing  rocks. 

The  ore  has  the  external  appearance  of  black  magnetite,  but  the  interior  consists 
of  bright  specular  haematite,  studded  with  minute  granules  and  octagonal  crystals 
of  martite. 

In  several  outcrops  about  a  foot  of  limonite  is  seen  against  the  hanging-wall  of 
limestone. 

Many  other  similar  deposits  in  Mexico  are  referred  to,  which  in  most  cases  seem 
to  occur  under  the  same  geological  conditions — folds  of  Cretaceous  limestone,  broken 
by  diorite  protrusions,  and  separated  by  valleys  largely  covered  by  the  debris  from 
the  mountains. 

The  author  is  of  opinion  that  these  remarkable  masses  of  haematite  are  likely  to 
become  an  important  factor  in  the  future  iron  supply  of  the  world. 

G.  E.  C. 


SAFETY  NETS  IN  WINDING  SHAFTS. 
Sur  le  Filet  dc  Surete  etabli  au  puits  Jules  Cliagot  des  Mines  dc  Blanzy,    By  — 
Lebreton.    Annales  des  Mines,  1889,  series  8,  vul.  oox.^pp.  I09-41(j,  and  four 
figu  res. 

It  sometimes  happens  that  workmen  fall  into  the  shaft,  either  inadvertently 
or  by  a  mistake  in  moving  the  cage.  Sometimes  the  victim  is  killed,  and  at  other 
times  the  injuries  are  slight,  and  it  is  possible  to  save  him ;  if  they  are  serious  he 
may  be  drowned  before  it  is  possible  to  render  him  assistance. 

At  the  Jules  Chagot  pit,  a  wire  rope  net  has  been  placetl  about  2  yards  below 
the  keps  at  the  lowest  hanging. on,  which  is  about  350  yards  in  depth. 

The  net,  which  hangs  vertically  when  one  side  is  released  to  allow  the  water 
tubs  to  pass,  has  meshes  4  inches  square.  It  consists  of  galvanized  steel  wire  ropes 
with  a  breaking  strain  of  21,000  lbs.  per  square  inch  of  section.  These  ropes  are 
formed  of  eighteen  or  twenty  wires.  The  longitudinal  ropes  and  the  transverse 
ropes  are  bound  together  with  galvanized  wire  to  form  tbe  meshes.  The  net  is 
formed  with  an  edge  formed  of  wire  rope,  with  133  wires  about  1  inch  diameter, 
and  forms  a  rectangular  net  of  9  feet  by  8  feet  8  inches.  The  net  is  suspended  by 
bolts  to  two  buntons  placed  below  the  hanging-on.  Loops  are  formed  on  two 
opposite  sides  of  the  net,  making  the  length  of  net,  inclusive  of  loops,  about  11  feet, 
and  its  weight  about  290  lbs.  The  buntons  to  which  it  is  suspended  are  10  inches 
square  and  12  feet  6  inches  long.  They  are  each  fitted  with  five  wrought-iron 
saddles,  to  which  the  loops  of  the  net  are  attached  by  the  wrought-iron  bolts. 

The  cost  of  the  net  is  from  £20  to  £2.j,  and  the  cost  of  installation  is  about  an 
equal  amount. 

This  net  has  not  been  used  in  case  of  injuiy  to  workmen,  but  three  accidents 
to  material  have  taken  place.  Once  the  cage  went  too  hard  upon  the  keps,  forced 
them  back,  and  fell  about  7  feet  on  to  the  net,  which  acted  efficiently,  and  the 
damage  was  quickly  repaired.  Possibly  in  the  absence  of  the  net  the  rope  would 
have  been  broken.  On  the  second  occasion,  an  empty  tub  and  one  of  the  cages, 
weighing  about  6,600  lbs.,  fell  into  the  net,  from  a  height  of  7.5  yards.  Both  tub 
and  cage  were  comparatively  uninjured,  and  the  damage  was  cheaply  repaired. 
On  the  third  occasion,  a  full  tub  fell  from  bank,  a  distance  of  350  yards,  and  the 
net  was  not  seriously  damaged.  M.  W.  B. 
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III.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  FOREIGN  SOCIETIES  AND 
FOREIGN  PUBLICATIONS. 


THE  ASSAYING  OF  ANTIMONY  ORES, 

Note  xnr  VE^sii  des  Mlnerai.^  (V Antimoine.     By  Ad.  Carxot.     Amiales  cles  Mines, 
1892,  series  9,  vol.  ?.,  pages  303-308. 

The  author  states  that  on  comparing  the  results  of  exact  analysis  with  those  of 
the  ordinary  methoi  of  assaying  (/.e.,  by  fusion  with  sodium  carbonate,  charcoal, 
and  strips  of  iron),  he  found  that  the  error  in  the  assay  was  rarely  as  little  as 
8  or  10  per  cent.,  and  was  sometimes  more  than  20  and  even  30  per  cent,  of  the 
actual  proportion  of  metal  present  in  the  ore.  Considering  the  dry  method 
objectionable  on  the  score  of  the  exceeding  volatility  of  antimony,  he  bethought 
him  of  an  entirely  different  process  ;  this  consists  essentially  in  dissolving  out  the 
antimony  from  the  finely-powdered  ore  by  means  of  warm,  concentrated,  hydro- 
chloric acid,  precipitating  the  solution  on  a  strip  of  tin,  then  washing,  drying,  and 
weighing  the  metallic  precipitate.  The  foregoing  process  is  immediately  applicable 
to  sulphides,  as  to  oxides  ;  theauthor  converts  the  latter  into  the  more  easily  treated 
sulphides,  by  heating  the  powdered  ore  in  an  atmosphere  of  dry,  sulphuretted 
hydrogen.  The  presence  of  iron  and  zinc  (the  latter  very  rare  in  practice)  in 
antimony  ores  does  not  affect  the  assay  :  almost  the  same  may  be  said  of  arsenic. 
But  as  to  lead,  a  mcital  which  occurs  in  some  varieties  of  antimony  ore,  the 
difficulty  of  its  precipitation  in  the  metallic  state,  together  with  the  antimony, 
from  the  hydrochloric-acid  solution,  is  met  by  the  author  in  the  following  man- 
ner: — He  heats  the  metallic  precipitate  to  between  122  and  140  degs.  Fahr.  in 
a  solution  of  yellow  sodium  sulphide  (obtained  by  boiling  ordinary  sodium  sulphide 
with  flowers  of  sulphur).  The  antimony  dissolves  rapidly,  and  there  remains  a 
residue  of  lead  sulphide,  which  is  thereafter  washed,  dried,  and  weighed.  In 
practice,  the  weight  of  the  metallic  lead  is  about  -j^ths  that  of  the  sulphide. 

0.  S.  E, 


FUVEAU   LIGNITE    COAL-FIELD,   FRANCE. 

Memoire  stir  le  Bassin  He  Fiireait.  By  —  OPPERMAOTT.  BvUetin  de  la  Societe  de 
I'lndvstrie  Minerale,  1892,  series  3,  vol.  vi.,i)ages  833-876,  and  plates  XVIII.- 
XXVII.,  -inehisive. 

The  beds  in  this  basin — situated  in  the  Department  of  Bouches-du -Rhone — are 
contained  in  grey,  marly  limestone  of  Upper  Cretaceous  age.  There  are  three  beds 
worl^ed,  all  included  in  strata  to  which  the  name  of  "  Fuvelian  "  has  been  given — 
the  grande  mine,  at  the  base  of  these  strata  ;  the  quatre  pans,  some  164  feet 
higher ;  and  the  gros  rocher,  33  feet  above  this.  There  are  several  other  beds  in 
the  Fuvelian  strata  which  are  not  worked,  and  also  some  unworkable  beds  in  other 
series  above  and  below. 

The  distances  between  the  beds  vary  greatly  in  different  places.  Their  thickness 
also  varies  considerably,  that  of  the  grande   mine  ranging  from  3^  to  11 J  feet, 

VOT,.  XLIT. -1892-93.  30 
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of  which  2  J  to  10  feet  is  coal ;  the  quatre  pans  bed  varies  in  thickness  from  i  to 
4f  feet,  of  which  1^  to  3^  feet  is  coal;  and  that  of  gros  rocher  from  1^  to  3f  feet, 
8  inches  to  2^  feet  being  coal. 

The  total  production  of  the  basin  in  1891  was  434,276  tons,  practically  all  of 
which  came  from  four  mines  in  the  hands  of  three  companies. 

Vahionne  Colli ery.— This  is  divided  into  three  distinct  portions  by  two  great 
faults.  Up  to  1891,  only  the  northern  of  these  divisions  was  worked,  and  this  is 
now  nearly  exhausted,  having  almost  reached  the  western  Limit  of  the  lignite  basin, 
where  it  is  cut  oif  by  the  underlying  Jurassic  rocks.  In  this  division  the  strike  of 
the  beds  is  north  to  south,  and  they  dip  west  1  in  8  in  the  upper,  and  somewhat 
less  in  the  lower  levels. 

In  view  of  the  approaching  exhaustion  of  this  portion,  a  shaft  has  been  sunk  to 
a  depth  of  1,140  feet  in  the  southern,  or  middle  division,  and  this  wiU  in  future  be 
the  main  drainage-and-winding  shaft  for  the  whole  mine.  The  remaining  portion 
is  almost  entirely  unworked. 

Greasque-Fuveau  Colliery. — This  is  bounded  on  the  south  by  the  former.  The 
continuity  of  the  beds  is  interrupted  only  by  two  main  faults,  with  a  throw  of  60 
and  66  feet  respectively,  both  being  near  the  southern  boundary.  The  portion  of 
the  concession  south  of  the  most  northerly  of  these  faults  is  alone  now  worked. 
Here  the  beds  strike  north,  with  an  inclination  of  1  in  6  to  the  west.  The  ground  is 
full  of  minor  faults,  which  are  fewer  in  the  district  now  abandoned  to  the  north, 
where,  however,  they  often  become  "  mouliferes." 

Trets  Colliery. — This  working  is  situated  at  the  eastern  extremity  of  the  basin. 
Here  the  beds  thin  off,  and  the  grande  mine  alone  is  workable.  Its  strike  is  north- 
west, with  an  inclination  of  1  in  6  to  the  north-east.  There  are  few  faults,  but 
the  "  moulieres  "  are  frequent. 

Gardanne  Colliery. — The  same  three  beds  are  worked  here  as  at  Greasque  and 
Valdonne,  with  one  other,  known  as  the  mauvaise  mine.  A  great  fault  cuts  off  the 
beds  to  the  north-east  and  west,  but  elsewhere,  they  are  very  regular,  running  north- 
west, and  dipping  30  degs.  to  the  south. 

Throughout  the  basin  exceptional  difficulties  have  been  encountered  in  the  great 
quantity  of  water,  which  has  necessitated  heavy  expenditure  for  adit-levels,  dams, 
and  pumping  machinery.  Figures  are  given  of  the  quantities  of  water  raised,  cost 
of  extraction,  etc.,  of  the  Bouches-du-Ehone  Company,  from  which  it  appears  that 
9,900,000,000  cubic  metres  of  water  were  raised  in  1886,  at  a  cost  amounting  to 
3s.  2d.  on  each  ton  of  coal  raised.  From  this  cause  considerable  areas  of  coal  have 
had  to  be  abandoned,  pending  the  construction  of  a  long  adit  at  sea-level. 

Such  faults  as  are  not  accompanied  by  throws,  but  which  let  out  great  quan- 
tities of  water,  are  called  by  the  miners  "'partens."  These  generally  impoverish  the 
coal  on  either  side  of  the  fissure,  the  sterile  areas  being  termed  "  moulieres."  With 
reference  to  these,  the  region  may  be  sub-divided  as  follows  : — 

1.  The  portions  south  of  the  Jean-Louis  fault,  with  numerous  fissures,  rarely 

open,  and  often  accompanied  by  throws. 

2.  The  portion  north  of  the  fault,  where  throws  are  comparatively  few,  but  with 

numerous  "  partens,"  with  or  without  "  moulieres." 
The  "  partens "  tend  to  lessen  in  depth,  and  finish  as  mere  cracks — the 
"  moulieres "  also  lessening  proportionally.  In  the  latter,  at  the  point  where  the 
bed  is  cut  by  the  fissure,  the  lignite  is  entirely  replaced  by  a  yellowish  or  blackish 
mud,  diminishing  with  the  distance  from  the  fissure.  The  bed  itself  thins  towards 
the  "parten,"  the  roof  first  becoming  fissured,  and  finally  is  found  completely 
fallen  in. 


' 
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The  quantity  of  water  underground  is  found  to  vary  immediately  with,  the 
amount  of  rainfall,  and  in  times  of  drought  the  flow  almost  ceases.  This  does  not 
apply  to  the  Gr^asque  workings,  which  seem  to  be  in  communication  with  an 
extensive  water-bearing  stratum. 

The  author  then  discusses  the  geological  character  of  the  strata  in  respect  of 
its  bearing  on  the  formation  of  the  "  moulieres ; "  and  finally  describes  the 
elaborate  system  of  masonry-dams  adopted  in  order  to  protect  the  workings  from 
sudden  flooding,  etc.  Gr.  E.  C. 

THE  DEEP  ADIT-LEVEL  IN  THE  FUVEAU  LIGNITE  COAL-FIELD, 

FEANCB. 

Note  sur  le  Tunnel  a  la  Met  de  quinze  kilometres.  By  —  Domage.  Bulletin  de 
la  Societe  de  I' Industrie  3Iinerale,  1892,  series  3,  vol.  vi.,  pages  899-919,  and 
plates  XVIII.,  XXV.-XXVII. 

This  is  a  description  of  the  great  adit,  9^  miles  long,  now  being  driven  at  sea- 
level  to  cope  with  the  water  diSiculties  in  the  Fuveau  district.  Particulars  are 
given  of  the  five  principal  adits  hitherto  driven,  ranging  in  length  from  820  to 
3,565  yards.  The  history  is  related  of  the  proposals  for  a  sea-level  adit  made  from 
time  to;:time  from  1859  downwards,  culminating  in  1879  in  the  present  scheme, 
which  was  officially  approved  in  1889. 

The  rate  of  progress  was,  in  1891,  14-16  feet,  and  in  1892,  20-27  feet  per  24 
hours.  The  high  speed  is  attributed  partly  to  the  use  of  the  Berthet  hand- 
perforator,  and  partly  to  the  system  on  which  the  miners  are  paid,  a  premium  being 
given  for  any  progress  beyond  a  certain  rate  per  day.  At  first  all  shots  in  the  face 
were  fired  simultaneously ;  subsequently,  however,  it  was  found  advantageous  to 
fire  the  middle  holes  first. 

The  debris  is  removed  by  means  of  an  endless  steel  rope,  10  millimetres  (039 
inch)  in  diameter,  carrying  150  tons  per  day.  The  ventilation  is  performed  by  a  Ser 
ventilator,  23-6  inches  in  diameter,  the  waste  air  passing  into  the  water-channel.  This 
apparatus  is  calculated  to  serve  for  two-fifths  of  the  distance,  but  the  leakage  which 
takes  place  makes  it  doubtful  if  it  will  serve  for  the  whole.  For  this  reason  a 
ventilating  shaft  is  to  be  sunk  at  a  point  about  four  miles  fi'om  the  entrance,  and 
possibly  another  will  be  required  farther  in. 

An  Appendix  is  added  giving  details  of  method  of  firing,  cost,  etc.,  the  latter 
being  as  follows  for  the  advance  heading  (6  by  8-2  feet)  : — 

Labour  ... 
Explosives 
Coal,  steel,  and  smith...         

Total  £2     3     8  G.  E.  C. 


& 

s. 

d. 

1 

1 
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1 

1 
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0 

1 
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THE  VALDONNE  COLLERIES  (FUVEAU  BASIN). 

Note  sur  les  Mines  de  VaJdonne  {Bmiches-du-RMne').     By  L.  Valla.     BnUetin  de 

la  Societe  de  rindustrie  Minerale,  1892,  series  3,  vol.  vi.,  pages  877-897,  a7id 

plates  XXIII.-XXVII. 

These  mines  comprise  two  concessions,  known  as  Peypin  and  St.  Savournin 

(north  and  south)  with  an  area  of  650  and  750  hectares  (1,600  and  1,850  acres) 

respectively.     They  are  situated  at  the  south-western  extremity  of  the  Fuveau 

basin. 
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For  details  of  the  general  constitution  of  the  district  the  author  refers  to  the 

paper  by  M.  Oppermann  in  the  s:\me  journal.*     As  there  stated,  the  workings  are 

divided  into  three  separate  zones  by  three  main  faults.      The  beds  run  north  to 

south,  dipping  10  to  20  degs.  in  the  northern  and  20  to  60  degs.  in  the  southern  part. 

There  are  seven  beds,  only  the  three  following  of  which  are  worked  : — 

Total  Thickness.  Useful  Thickness. 

Ft.    In.  Ft.    In. 

Grande  mine         9     10  ...  8       6 

Quatre  pans  5       3  ...  3     11 

Gros  rocher  3       9  ...  2       5 

Immediately  beneath  thegrande  mine  there  is  a  bad  of  inferior  coal  .5  feet  thick  ; 
which,  however,  is  rarely  worked. 

The  lignite  is  brilliant  black,  with  a  conchoidal  fracture  ;  it  burns  with  a  long 
flame  and  considerable  smoke.     Analysis  shows  : — 

Moisture         6-00 

Ash      4-40 

Total  carbon 60-65 

Oxygen  and  nitrogen  2.5-87 

Hydrogen       3-68 

The  calorific  power  is  from  5,000  to  5,500  calories  ;  and  the  evaporating  power 
5  lbs.  of  water  per  lib.  fuel. 

The  greater  part  of  the  extraction  has  hitherto  been  from  the  northern  portion 
of  the  property,  where  all  the  hauling-machinery,  etc.,  was  situated.  Recently, 
however,  it  has  been  transferred  to  the  Armand  shaft  in  the  southern  portion,  where 
600  to  700  tons  are  now  raised  from  a  depth  of  1,140  feet  per  day  of  9  honrs. 
Owing  to  this  change  the  production  per  man  has  risen  from  10  to  16  cwt. 

The  beds  are  worked  by  galleries  at  an  interval  of  about  680  feet  on  the  dip. 
Of  the  grande  mine  about  one-eighth  has  hitherto  been  lost  in  the  pillars  which 
were  left  behind.  It  is  now  thought  possible  to  remove  all  the  coal,  stone  pillars 
being  built  up  in  suitable  spots,  and  walls  built  along  the  main  ro.ads.  In  working 
the  quatre  pans  and  gros  rocher  beds  the  deads  are  practically  suflScient  to  fill  up 
the  goaves. 

Powder  is  used  for  blasting  both  in  coal  and  rock,  the  holes  being  bored  by  a 

hand-borer.      The  following  comparative   figures  as  to  cost   of   boring  galleries 

2-50  by  2  metres  (S  by  G^  feet)  in  the  country-rock  (limestone)  are  given  : — 

Distance  driven  per  8  Hours.        Cost  per  Metre. 
Feet.  £     s.     d. 

Powder     1-31         ...  2     2     0 

Blasting-gelatine  426         ...        about  the  same. 

The  Armand  shaft  is  divided  into  two  compartments,  for  winding  and  pumping 
respectively.  The  winding  is  performed  by  two-decked  steel  cages,  weighing  2  tons 
7  cwts.,  guided  on  steel  rails  of  40  lbs.  per  yard.  For  winding,  flat  aloes-ropes  are 
used,  weighing  about  25  lbs.  per  yard,  woiking  at  one-tenth  of  the  breaking  strain. 
For  raising  the  men,  round  steel-ropes  are  employed,  weighing  3j  lbs.  per  yard, 
working  up  to  one-twentieth  of  the  breaking  strain. 

The  mines  have  always  been  subject,  from  time  to  time,  to  interruption  from 
partial  floodings.  This,  so  far  as  it  was  due  to  water  penetrating  from  the  surface, 
has  teen  minimized  by  establishing  sheet-iron  conduits  in  the  stream-beds.  The 
water  underground  now  varies  little  from  summer  to  winter.  By  this  means,  and 
also  by  the  provision  of  masonry-dams  underground,  a  great  improvement  has  been 
effected  in  guarding  against  floods. 

*  Trans.  X.  E.  Inst.,  vol.  xlii.,  page  416. 
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The  drainage  is  effected  partly  by  means  of  underground  Tangye  and  rotary 
pumps,  supplied  with  steam  from  the  surface,  and  partly  by  Cornish  and  other 
engines  at  the  surface.  In  future  all  the  water  will  be  raised  by  the  underground 
engines  from  the  Armand  shaft,  the  present  pumping-plant  being  reserved  for 
emergencies  only.  This  will  give  a  total  power  of  2,8G1  gallons  per  minute,  which 
should  remove  any  danger  from  flooding  in  future. 

The  total  cost  of  the  works  in  connexion  with  the  new  Armand  shaft  was  about 
£30,000,  and  it  is  expected  to  raise  160,000  tons  of  coal  per  annum.  G.  E.  C. 

PEAT  IX  TRANSYLVANIA. 
Die  Torjlager  dcr  Siehcnhiirgischen  landestlieUe.    By  Geoeg  Primics.     Mittlieil- 
vngen  aus  dem  Julirhiiche  dcr  K'on.  Ungarisclieii  Geologischcu  Anstalt,  1892, 
vol.  a;.,  pages  3-2-t. 
The  following  peat  districts  are  described : — 

(1)  Magyar- Vaiko,  province  of  Kolozs.— This  district  is  estimated  to  yield  171,990 
cubic  yards  of  peat.  The  quality  is  very  good;  its  lightness  when  dried  would 
render  it  suitable  for  use  in  many  industries.  The  hindrances  to  its  profitable  working 
are  the  great  distance  from  railways,  etc. 

(2)  Ponor,  province  of  Also-Feher. — This  district  is  estimated  to  yield  390,000 
cubic  yards  of  peat.  The  working  of  this  peat  at  present  is  not  practicable,  as  it 
cannot  be  reached  with  waggons.  It  might,  however,  without  very  great  diiEculty, 
be  sent  to  the  neighbouring  towns  of  Offenbanya  and  Felso-Szolcsva.  The  above 
two  peats  belong  to  the  class  of  high  moor-peats. 

(3)  Mai  otlaka,  province  of  Kolozs,  is  estimated  to  contain  234,000  cubic  yards 
of  peat  of  good  quality,  and  tolerably  heavy  when  dried.  It  is  a  matured  peat,  water 
appears  only  in  the  deep  parts  of  the  cuttings,  and  would  be  no  hindrance  under  a 
proper  system  of  working.  There  are  no  reasonable  hindrances  to  the  working  of  this 
peat,  and  carriage  will  be  easily  effected,  as  a  railway  runs  within  \\  miles,  and  a 
high  road  within  |  mile. 

(4)  Szent-Agotha  and  Apatfalva,  province  of  Nagy-Kiiriillo. — This  deposit  is 
estimated  to  contain  1,300.000  cubic  j-ards  of  a  completely  formeil  and  dry  peat. 
The  quality  is  very  good.  It  is  situated  near  good  roads  of  transport  for  local  con- 
sumption. There  is  at  present  no  railway  near,  but  the  piojected  local  railway  will 
run  near  the  deposit. 

(.5)  Szombatfalva,  province  of  Udvarheiy. — There  are  numerous  mineral  springs 
in  the  reighbourhood  of  this  moss.  The  estimated  yield  is  37,440  cubic  yards  of  good 
turf-peat  (^Rasentorf).  The  quality  improves  with  depth.  There  are  no  difficulties 
in  the  way  of  working  of  this  peat,  as  the  water  can  be  easily  run  off  into  the  neigh- 
bouring burn,  and  a  high  road  runs  from  the  place  to  the  Sz^kelyudvarhely  railway- 
station. 

(())  Peat  region  of  Middle  Csik,  along  the  Alt  river : — 

{ji^  The  deposit  between  the  town  of  Csik-Szereda  and  the  parish  of  Zsogod, 
is  estimated  to  yield  1,690,000  cubic  yards  of  pure  peat,  of  good  quality,  and 
well  matured.  In  many  places  there  is  much  ground-water,  but  not  sufficient  to 
prevent  the  establishment  of  a  large  peat  factory.  The  country  road  runs  near,  and 
the  projected  Szekelyfold  railway  will  touch  the  spot. 

(i)  The  most  important  peat  district  in  Transylvania  is  found  in  the  parishes  of 
Csik-Szereda,  Taplocza,  Csicso,  and  Madefalva.  The  estimated  yield  is  1.5,600,000 
cubic  yards  of  peat.  The  quality  is  very  good,  and  peat  production  could  be  carried 
on  on  a  large  scale.  The  projected  Szekelyfold  railway  will  run  near  this  peat  area 
along  nearly  its  whole  extent. 
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(7)  Szerdahely,  province  of  Szeban. — Three  unimportant  peat  mosses,  of  which 
the  total  estimated  yield  is  1 ,909  cubic  yards.  Of  the  first,  the  peat  is  described  as 
unfit  for  burning,  and  of  the  others  as  of  middling  quality.  G.  W.  B. 


ITALIAN  FOSSIL  FUELS. 
Notizie  sui  combustibili  fossili  italiani.      By  P.  Toso.     A2}pendix  to  the  Rivista 
mineraria,  1890,  Rome,  1891. 
Peat  is  extensively  distributed  as  follows  : — 

(1)  Mountain  Peat. — Occurs  in  the  Alps  and  Appenines,  but  hitherto  has  not 
been  found  of  value. 

(2)  Moraine  Peat. — Is  found  at  Varese,  Solferino,  etc.  These  are  the  most 
important  deposits,  affording  the  greater  part  of  the  Italian  peat  produced.  The 
author  considers  that  they  would  keep  up  the  supply  for  one  hundred  years. 

(3)  Peat. — Formed  by  damming  back  of  water-courses  (TorMere  di  sbar- 
ramento).  The  beds  are  found  over  large  areas  in  Vicentino.  Velino,  near  Rieti, 
etc.  The  peat  is  sometimes  homogeneous  and  sometimes  earthy.  It  is  only  worked 
at  Arcugnano  and  Santa  Croce. 

(4)  Estuarine  Peat. — Occurs  at  the  mouths  of  many  of  the  rivers  falling  into  the 
Adriatic  and  Mediterranean  seas.  It  is  the  most  abundant  in  Italy,  but  also  the 
most  impure  and  least  remunerative  to  work.  It  is,  however,  worked  at  Codigoras 
for  domestic  use,  for  locomotives,  etc. 

It  is  estimated  that  the  amount  of  peat  produced  in  Italy  is  about  43,070  tons 
per  annum.  The  necessity  of  drying  it,  and  its  light  weight,  are  in  the  way  of  its 
increased  production. 

Woody  Lignites. — Beds,  over  65-  feet  thick,  are  found  at  San  Giovanni  Valdamo, 
Morgnano,  Santa  Croce,  Sant'  Angelo,  Branca,  Aspra  and  Roccantica  in  Sabina, 
Casina  and  Gastellina  in  Chianti,  and  Leffe,  near  Bergamo.  Various  deposits  of  leas 
thickness  are  also  described.     The  produce  is  about  331,000  tons  per  annum. 

Pitchy  Lignite  (ligniti  piece'). — This  fuel  occurs  in  Tertiary  rocks,  older  than  the 
Pliocene.  The  following  localities  are  mentioned : — Vicentino,  Cadibona,  Monteru- 
foli,  and  Murlo.  The  mine  of  Montemassi  is  described  in  detail,  it  is  estimated  to 
contain  10,275,000  cubic  feet  of  lignite  still  available.  The  principal  stratum  is 
about  205^  feet  thick.  It  is  hoped  to  raise  the  annual  production  of  this  mine  up  to 
.50,000  tons.  The  quality  of  the  lignite  is  good,  and  its  calorific  power  is  equal  to 
0'7  of  that  of  Cardiff  anthracite. 

The  total  quantity  of  pitchy  lignite  is  estimated  at  8,570,000  tons,  Avith  an 
annual  production  of  33,160  tons. 

Coal. — Coal  itself  is  scarce  in  Italy,  yet  it  does  occur  in  the  Carboniferous  strata 
of  that  country.  Its  rarity  is  due  to  the  earth-movements  and  consequent  meta- 
morphism  which  have  taken  place.  Carboniferous  strata  with  coal  occur  at  the 
following  places : — In  the  Val  d'Aosta  in  the  district  of  Cuneo,  on  the  southern 
slope  of  the  Maritime  Alps,  in  the  valleys  of  Tanoro,  and  of  Bormida.  Other 
Carboniferous  strata  contaiiung  no  coal  are  also  mentioned. 

La  Thuila  in  the  Val  d'Aosta  has  five  or  six  seams  under  1  foot  8  inches  each. 
They  are  inclined  at  angles  of  40  degs.,  and  therefore  difficult  to  work.  The  coal 
contains  25  per  cent,  of  ash,  and  its  heating  power  is  only  5.000  calories. 

There  are  mines  at  Monfieis,  Acceglio.  Calizzano,  and  Corongiu  Cludinico 
(Triassic). 

Various  applications  of  the  Italian  lignites  for  gas-making,  for  engines,  domestic 
use,  and  for  coke-making,  are  described.  G.  W.  B. 


TRANSACTIONS   AND   PERIODICALS.  421 

THE  BOLEO  COPPEE-MINBS,  MEXICO. 

Note  s%r  les  mines  de  cuivre  <lu  Boleo  (B  asse- Calif  or  nie^.  By  Edottaed  Saladin. 
Bulletin  de  la  Societe  de  V Industrie  Minerale,  1892,  series  3,  vol.  vi.,  pages 
5-46  and  283-9,  and  plates. 

The  Boleo  mines  are  situated  on  the  western  side  of  the  gulf  of  California,  about 
opposite  to  the  port  of  Guaymas,  which  is  the  terminus  of  the  Sonora  railroad. 
They  were  discovered  accidentally  in  1868,  by  a  farmer,  who  found  rounded  grains 
of  green  carbonate  of  copper  in  the  sands  of  the  Santa  Rosalia  rivulet.  The  first 
shipment  of  ore  to  Europe  took  place  in  1872.  The  various  local  companies  formed 
to  work  the  deposits  were,  in  1885,  united  under  the  French  Boleo  Company,  which 
erected  water-jacket  furnaces ;  the  production  in  1891  reaching  4,176  tons  of  copper 
from  76,000  of  ore  extracted. 

The  climate  is  stated  to  be  healthy.  The  labour  employed  consists  of  Mexicans 
and  Yaqui  Indians,  the  latter  work  well,  and  are  paid  at  from  1  to  1*75  dollars 
(Mexican)  per  day.     The  whites  employed  receive  15  to  20  francs  per  day. 

The  district  is  composed  of  stratified  trachytic  tufEs,  slightly  inclined  north-east 
towards  the  sea,  and  resting  to  the  south-west  on  a  trachytic  upheaval  parallel  to 
the  coast.  The  central  crest  of  the  peninsula  consists  of  old  gneisses  and  mica-schists, 
raised  probably  by  granite ;  but  the  interior,  owing  to  the  entire  absence  of  drinking 
water,  is  little  known. 

The  geological  formation  is  divided  into  four  series : — 

(1)  The  upper  beds,  consisting  of  clays,  gypsum,  tuffs,  and  fossiliferous 

sandstone  of  Upper  Miocene  or  Lower  Pliocene  age. 

(2)  The  mineralized  beds,  consisting  of  four  cupreous  beds  of  varying  thick- 

ness, interstratified  between  beds  of  conglomerate  and  tuff.  Both 
these  conglomerates  and  the  cupreous  beds  appear  to  vary  as  to  their 
contents  with  the  distance  from  the  source  whence  the  detritic 
materials,  of  which  they  are  composed,  were  derived. 

(3)  Lower  beds.     These  mineralized  beds  rest  unconf  ormably  upon  a  bed  of 

brown  fossiliferous  dolomite  of  indeterminate  age.     Beneath  this  is — 

(4)  Trachyte,  already  referred  to. 

The  cupreous  beds  are  similar  in  general  character,  and  can  often  only  be  dis- 
tinguished stratigraphically.  The  contents  are  more  or  less  brecciated,  especially 
in  the  vicinity  of  the  trachytic  outliers,  which  sometime*'interrupt  the  upper  strata. 
They  contain  irregular  zones  of  enrichment ;  and  the  contents,  from  a  mineralogical 
point  of  view,  are  very  varied.  The  fundamental  gangue  is  a  hydro-silicate  of 
alumina,  often  very  siliceous,  and  the  predominant  copper  minerals  are  green  and 
blue  carbonates,  black  oxide,  ferruginous  crednerite,  and  various  sulphides. 

Near  the  outcrops  the  ores  are  entirely  converted  into  carbonates,  or  into 
atacamite ;  while  the  iron  pyrites  is  completely  oxidized.  Farther  down,  the 
carbonates  are  rare ;  the  proportions  of  black  oxide,  and  still  more  of  sulphide, 
increase.  The  author  questions  whether  the  original  deposit  was  in  the  form  of 
sulphide,  preferring  to  consider  it  to  have  been  a  mixture  of  this  and  oxide. 

The  first  bed  has  been  much  eroded,  and  is  of  little  industrial  importance.  The 
second  is  characterized  by  the  comparative  rarity  of  ferruginous  matter  and  the 
abundance  of  silica  in  the  gangue.  The  mineral  is  often  of  a  granular  nature,  and 
is  generally  concentrated  towards  the  floor.     The  thickness  varies  up  to  3  feet. 

The  third  bed  varies  in  thickness  from  0-20  to  2  or  8  metres  (8  inches  to  6  or 
10  feet),  and  has  been  most  extensively  worked.  It  is  not  only  richer,  but  the 
nature  of  the  gangue  enables  a  better  smelting  mixture  to  be  made.  Most  of  the 
ore  is  so  finely  disseminated  in  the  gangue  as  to  render  dressing  impossible. 
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The  following  analyses  give  an  idea  of  the  chemical  composition 


Mois- 
ture at 
110°. 

Si02. 

FeO. 

AI2O3. 

MnO. 

2o-ll 

39-18 

7-34 

10-16 

3-30 

18-35 

31-77 

1-4-25 

2-16 

15-44 

25-00 

22-85 

12-50 

2-Oi 

11-08 

20-00 

22-80 

10-08 

4-38 

7-20 

I 

CaO.       MgO. 


3-21  I  3-74     12-39 

3-88  i  2-31  ;  12-05 

3-21  '  3-21  i    9-86 

6-16  I  4-43       7-50 


Sulphur 
Total. 

Loss 

by 

Heat. 

Cu. 

2-16 

16-80 

9-80 

0-44 

16-38 

9-63 

0-62 

11-05 

7-89 

3-03 

14-56 

6-82 

The  moisture  on  extraction  reaches  25  to  30  per  cent.,  which  on  exposure  to  the 
sun  is  reduced  to  15  per  cent.  The  ore  contains  a  little  salt,  which  explains  the 
corrosive  action  in  the  furnaces  as  arising  from  the  giving  off  of  a  little  hydrochloric 
acid. 

The  author  considers  the  beds  to  be  the  product  of  re-arrangement  of  pre-existing 
beds  of  more  equal  richness,  and  thinks  that  the  future  of  the  poorer  parts,  now 
unworked,  rests  with  the  adoption  of  a  wet  chemical  process  of  treatment. 

There  is  nothing  special  to  notice  in  the  methods  of  working.  Most  of  the 
selection  is  done  in  the  mine,  all  the  workings  of  which  are  above  the  water-level. 
In  order  to  ensure  regular  supply,  the  ore  as  extracted  is  stored  in  ore-bins  of  large 
capacity,  before  being  carried  to  the  works  ;  which  are  connected  with  the  mines 
by  a  3-feet  tramway  of  30  kilometres  (18^  miles)  in  length. 

The  ore  is  smelted  entirely  in  water-jacket  furnaces  of  ordinary  type.  It  is 
stored  in  different  bins,  according  to  composition,  so  facilitating  the  attainment  of  a 
suitable  smelting  mixture.  The  smelter  consists  of  4  large  rectangular  and  2 
smaller  circular  furnaces.  Sea-water  is  used  to  circulate  in  the  jacket,  with  fairly 
good  results.  The  rectangular  furnaces  are  of  80  to  100  tons,  and  the  circular  furnaces 
of  40  to  50  tons  per  day  capacity.  About  150  kilogrammes  (330  lbs.)  of  good  coke  are 
used  per  ton  of  smelting  mixture,  the  large  furnaces  being  slightly  more  economical 
in  this  respect.  The  chief  economy  they  afford  is  in  labour,  supervision,  and  cost  of 
repairs. 

The  fines  are  compressed  by  the  aid  of  a  little  water  into  balls  by  a  machine  on 
the  Beer  system  ;  they  do  not  need  drying  befoie  smelting.  The  blast  is  furnished 
by  Baker  and  Boot  blowers.  Notwithstanding  the  corrosive  action  of  the  sea-water 
used  for  the  jacket,  the  furnaces  usually  give  campaigns  of  over  three  months' 
duration. 

Xo  fluxes  are  requiretl.  The  sulphur  present  is  all  taken  up  by  the  copper, 
forming  matte,  the  rest  being  given  as  black  copper.  The  slags  contain  on  an 
average  1  per  cent,  copper. 

The  following  analyses  are  given  : — 


Mattes. 

Copper          

96-250      .. 

73-08 

Iron 

0-830      .. 

4-24 

Sulphur         

0-767       .. 

19-61 

Manganese 

traces 

1-05 

Arsenic  and  antimony 

nil. 

nU. 

Loss,  etc 

2-153       .. 

2-02 

100-000 


100-00 
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Slag. 

Silica 41-60 

Alumina            10-26 

Oxide  of  iron  ...         ...         ...         15-57 

Oxide  of  manganese  ...         ...         ...         ...         ...  19-76 

Lime      ...         ...         ...         ...         ...         ...         ...  5-50 

Magnesia          6"12 

Oxide  of  copper           ...         ...         ...         ...         ...  ri2 


99-93 


At  present   English  coke  only  is  used,  but  it  is  not  improbable  that  it  may  be 
replaced  by  anthracite,  at  a  considerable  saving. 

The  total  number  of  workers  employed  is  about  1,200.  G.  E.  C, 


THE    COPPER   REGION    OF    MICHIGAN. 

By  F.  B.  Phelps.     Engineei-huj  Magazine  (^Veio  Yuvk^,  vol.  iv.,])uge.^  47-63. 

The  native  copper  deposits  of  the  Keweenaw  promontory  occur  as  amygdaloid 
and  conglomerate-beds  interbedded  with  trap,  resting  on  sandstone.  The  con- 
glomerate-beds, ranging  in  width  from  4  to  30  feet  but  fairly  uniform,  dip  west,  at 
an  angle  of  from  32  to  52  degs.  towards  Lake  Superior.  The  similar  beds  in  the 
Isle  Royale,  an  island  in  the  lake  40  miles  from  the  American  shore,  dip  east ;  and 
it  is  surmised  that  they  are  the  opposite  outcrops  of  a  continuous  basin. 

Ancient  pits  and  implements  prove  mining  here  to  be  of  great  antiquity.  The 
first  modern  workings  on  a  large  scale  were  in  the  northern  region,  from  1840  to 
1850  ;  but  the  exhaustion  of  the  deposits,  and  the  fall  in  prices,  led  to  its  almost 
complete  abandonment.  The  great  mining  region  is  now  in  Houghton  county,  to 
the  south,  where  the  well-known  Atlantic  and  Osceola  (amygdaloid),  Calumet  and 
Hecla,  and  Tamarack  (conglomerate)  mines  are  situated.  The  mode  of  working  is 
by  inclined  shafts  on  the  foot-wall,  with  levels  at  regular  intervals  of  100  feet,  the 
conditions  for  symmetrical  mining  being  almost  perfect. 

At  the  Calumet  and  Hecla  mine.-,  the  lode  varies  in  width  from  8  to  30  feet,  with 
an  average  of  12  feet.  The  whole  of  the  deposit  is  mined  out,  and  the  roof  supported 
by  very  heavy  timbering.  The  greatest  depth  reached  at  present  is  3,850  feet  on 
the  incline,  or  about  2,350  feet  vertical.  The  ore  is  stamped  and  dressed  by 
hydraulic  separators,  the  slimes  being  treated  by  round  tables.  The  Tamarack 
Company  works  the  ground  to  the  west  beyond  the  Calumet  boundary,  by  means  of 
deep  vertical  shafts.  The  first  of  these  sunk  cut  the  lode  at  a  depth  of  2,270  feet 
vertical. 

The  working  of  the  amygdaloid  beds  is  similar ;  the  ore,  however,  is  much  softer. 

G.  E.  C. 

THE  UNDERGROUND  FIRE  AT  THE  LAKE  SUPERIOR  MINE, 
ISHPEMING,  MICHIGAN. 

By  J.  Paeke  Changing.    The  Engineering  and  Mining  Journal  (^Kew  York),  1892 

vol.  liii.,  2Mge  106. 

The  author  has  witnessed  nine  mine  fires  in  the  Lake  Superior  region,  duriijo- 
the  last  eight  years  ;  five  of  which  fires  he  had  the  opportunity  of  closely  inspecting. 

The  conclusions  arrived  at  by  his  experience  are  :  that  the  best  way  to  extinguish 
a  mine  fire  is  to  cut  oflE  the  supply  of  oxygen  as  quickly  as  possible,  and  to  be  very 
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careful  not  to  open  up  too  soon  after  the  fire  is  supposed  to  be  out.  Steam  is 
excellent,  when  it  can  be  applied  in  the  immediate  vicinity  of  the  combustion.  He 
has  not  much  faith  in  the  use  of  artificial  carbonic  acid.  While  it  is  supposed  to  be 
heavier  than  air  and  to  settle  down  to  the  botiom  of  the  mine,  it  is,  as  generated 
from  the  tanks,  very  hot  from  the  heat  engendered  by  the  chemical  reaction  produc- 
ing it,  and,  consequently,  it  hangs  around  the  collar  of  the  shaft.  A  fierce  fire  will 
soon  use  up  all  the  oxygen  in  a  sealed-mine  and  then  carbonic  acid  will  be  present 
in  far  larger  quantities  than  can  be  generated  by  chemicals  on  the  surface. 

J.  W. 


OUTBURSTS  OF  CARBONIC  ACID  GAS  AT  THE  ROCHEBELLE 
COLLIERIES,  FRANCE. 
Les  degagements  cVacide  carhonique  aux  mines  de  Rochebelle.     By  C.  Lange. 
Bulletin  de  la  Societe  de  Vl7idi(strie  Minerale,  1892,  series  3,  vol.  vi.,  pages 
1,141-1,180,  andijlates  XXXIII-XXXV. 

The  mines  comprise  two  distinct  regions,  in  which  carbonic  acid  and  fire-damp 
are  respectively  given  off.  The  presence  of  the  carbonic  acid  was  observed  from  the 
first,  but  it  did  not  give  rise  to  any  serious  danger  up  to  1880,  and  mechanical 
ventilation  was  not  thought  necessary. 

Besides  the  smell  and  sour  taste,  a  sensation  of  warmth  is  felt  in  the  portion  of 
the  body  immersed  in  the  gas ;  so  that  its  presence  is  easily  detected.  Like  fire- 
damp, it  is  enclosed  in  the  pores  of  the  coal,  but  with  great  irregularity  ;  and  almost 
certainly  it  did  not  originate  in  situ. 

The  mines  occupy  the  southern  portion  of  the  Gardon  basin,  the  beds  being  included 
in  the  lower  system  of  the  Gard  coal-field.  The  concession  is  included  between  the 
great  fault  of  the  Cevennes  to  the  east  and  the  ancient  schists  of  Mont  Cabane  to 
the  west.  Near  the  former  the  beds  are  much  bent  and  fissured.  To  the  north,  in 
the  valley  of  the  Gardon,  they  are  covered  by  Secondary  measures  (Trias  and 
Lias)  ;  at  the  base  of  the  Lias  important  deposits  of  iron  pyrites  and  oxide  of  iron 
are  worked. 

The  workings  are  classed  into  three  groups,  those  of  Rochebelle,  Cendras,  and 
Fontanes,  at  all  of  which  more  or  less  carbonic  acid  is  present.  At  Fontanes  a 
schistose  formation  predominates,  which  is  less  fissured  than  the  compact  sandstones 
at  Rochebelle.  Probably  for  this  reason,  the  carbonic  acid  at  the  latter  is  contained 
in  the  fissures,  while  at  Fontanes  it  seems  to  be  enclosed  in  the  coal.  It  appears  to 
be  diminishing  in  quantity  at  Rochebelle,  and  to  be  replaced  by  fire-damp — whi'jh, 
however,  was  not  observed  until  1886.  The  author  considers  the  carbonic  acid  to 
be  of  volcanic  origin,  and  to  have  been  brought  in  by  the  Soulier  fissures,  which  also 
conveyed  the  mineralized  solutions  which  gave  rise  to  the  pyrites  deposits. 

He  next  describes  in  detail  the  various  outbursts  of  carbonic  acid.  These  at 
Fontanes  were  so  sudden  as  to  be  practically  explosions.  They  gave  out  enormous 
quantities  of  gas,  and  threw  down  a  great  deal  of  coal — amounting  at  times  to 
hundreds  of  tons.     In  several  cases  the  loss  of  life  was  serious. 

At  Rochebelle  the  outbursts  were  produced  with  less  force  ;  and  instead  of  coming 
from  the  solid  coal,  they  proceeded  from  open  fissures,  full  of  water  and  carbonic 
acid.  The  walls  of  these  fissures  are  found  to  be  covered  with  quartz-crystals  with 
liquid  enclosures,  blende,  galena,  and  pyrites. 

In  every  case  the  outbursts  have  been  preceded  by  one  or  more  of  the  following 
symptoms  :— Heaviness  of  the  atmosphere ;  frequent  dull  explosions  ;  pressure  in 
the  boreholes  ;  detachment  of  plates  of  coal,  with  decrepitation,  and  changes  in  the 
physical  state  of  the  coal. 
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The  force  of  the  outbursts  appears  to  increase  with  the  depth. 

Experience  has  demonstrated  that  the  most  useful  precautions  to  be  observed 
when  the  presence  of  the  gas  is  suspected  are :— (1)  Arrangements  for  supplementing 
ventilation ;  and  (2)  entire  suppression  of  the  use  of  the  pick,  and  working  solely 
by  means  of  shot-firing  :  the  workmen  to  retire  behind  solid  barriers  at  the  moment 
of  firing. 

It  was  found  that  boreholes  were  quite  useless  to  drain  the  gas  from  the  coal. 

G.  E.  C. 


ORIGIN  AND  DISTRIBUTION  OF  GOLD  AND  PLATINUM,  NORTH  COAST 

BEACHES,  NEW  SOUTH  WALES. 
By  J.  W.  Aechibald.     Australian  3Iining  Standard,  vol.  ix.,  pages  193  and  220. 

The  gold  in  these  deposits  occurs  in  seams  of  black  sand ;  it  is  always  fine,  and 
associated  with  the  rare  metals  of  the  platinum  group.  The  black  sand  is  found 
only  at  the  high-water  line,  or  in  the  sand  terrace  forming  the  foreshore ;  the  former 
being  in  many  cases  naturally  concentrated  from  the  latter.  It  usually  presents  no 
difficulty  in  amalgamation  ;  south  of  the  Evans  river,  however,  part  of  the  free  gold, 
though  bright,  can  only  be  saved  in  the  blanketings. 

In  the  vicinity  rock-formatious  are  met  with,  carrying  the  various  metals  found 
in  the  sands.  A  sample  of  the  blanketings  from  the  latter  contained: — Gold  27 
ounces,  platinum  17  ounces,  and  osmiridium  140  ounces  per  ton.  No  free  gold  was 
visible,  this  having  been  extracted  by  amalgamation.  Rock-samples  from  near  by 
gave : — Gold  10  dwts.,  platinum  9  dwts.,  and  osmiridium  21  dwts.  per  ton.  When 
concentrated,  the  residue  was  heavy  brown  sand,  neither  gold  nor  platinum  being 
visible.  As  an  example  of  these  formations  the  "Iron  Gates"  of  the  Evans  river  is 
cited.  This  is  a  gossan  deposit,  about  1  chain  wide,  lying  parallel  with  the  coast, 
and  imbedded  in  the  coal-formation,  the  sedimentary  rocks  appearing  unaltered  at 
the  contact.     This  deposit  carries  1  to  2  ounces  per  ton  of  the  combined  rare  metals. 

Many  other  such  outcrops  occur  in  the  neighbourhood,  and  the  natural  inference 
is  that  the  beach-sands  are  derived  from  them,  their  subsequent  distribution  being 
effected  by  sea-action.  G.  E.  C. 


THE  MOUNT  MORGAN  MINE,  QUEENSLAND. 

By  T.  A,  RiCKARD.     Transactions  of  the  American  Institute  of  Mining  Engineers, 
1891,  vol.  XX.,  pages  133-154. 

Mount  Morgan  mine  is  situated  26  miles  south  west  from  Rockhampton,  in 
central  Queensland.  Up  to  November  30th,  1890,  £2,358,833  had  been  paid  in 
dividends,  the  total  gold  obtained  being  756,042  ounces,  worth  £3,121,741.  The 
property  consists  of  the  original  selection  of  640  acres  taken  up  for  grazing  purposes 
in  1873  by  Mr.  Donald  Gordon.  Becoming  acquainted  with  Messrs.  Morgan  Brothers, 
who  also  held  land  in  the  district,  he  showed  them  one  day  a  piece  of  gold-bearing 
quartz  which  he  had  picked  up  in  Mundic  creek.  For  a  consideration,  Mr.  Gordon 
agreed  to  indicate  to  them  the  locality  of  the  find.  On  the  hill,  overlooking  the 
creek,  he  showed  them  the  siliceous  ironstone,  some  of  which  can  still  be  seen 
cropping  out  on  the  north-eastern  slope.  The  stone  carried  visible  gold.  They 
found,  by  sending  samples  to  Sydney,  that  it  was  even  richer  than  they  had  imagined. 
So  they  purchased  Mr.  Gordon's  holding  at  £1  per  acre.  The  Messrs.  Morgans,  later 
on,  sold  first  a  part,  then  the  whole  of  their  interest  in  the  mine.    In  1886  a  company 
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was  formed  with  a  capital  of  1,0UU,00U  shares  of  £1  each.  These  shares  rose  towaul 
the  end  of  1888  to  £17  os.,  giving  the  mine  a  market  value  of  £17,250, OOU. 

The  author  gives  a  description  of  the  workings. 

Examination  of  the  many  varieties  of  ore  shows  that  while  thei'e  may  be  a  great 
difference  in  outward  appearance  due  to  coatings  of  multi-coloured  oxides,  the  ore 
is  always  substantially  quartzose. 

The  origin  of  the  Mount  Morgan  ore-deposit  has  been  the  theme  of  much  contro- 
versy. The  three  chief  theories  (each  of  which  the  author  discusses  at  length)  are  :■ — 
1st,  That  the  deposit  is  that  of  a  geyser  ;  2nd,  that  it  is  an  auriferous  zone  traversed 
by  a  series  of  quartz-veins  of  auriferous  mundic;  and  3rd,  that  it  is  the  decomposed 
cap  of  a  large  pyrites  lode. 

Mr.  Kickard  considers  that  a  period  of  dynamic  disturbances  is  indicated  by  the 
intrusions  of  dolerite,  which,  by  extreme  metamorphism,  might  have  changed  a 
dolomite  into  the  serpentine  we  now  see,  would  have  indurated  the  shales  so  that 
they  are  scarcely  to  be  distinguished  from  the  crystalline  rocks ;  and  would  also, 
accompanied  by  chemical  alteration,  change  a  ferruginous  red  sandstone  into  a 
bluish-grey,  highly  pyritiferous  quartzite.  Approaching  the  surface,  the  same 
energy  would  be  expended  in  the  fracturing  of  the  quartzite  and  the  graywacke ; 
the  intrusive  dolerite  would  rise  through  the  fissures  in  the  shattered  rocks,  forming 
dykes,  which,  meeting  a  silico-felspathic  granular  rock  (the  graywacke),  would  give 
it  a  semi-crystalline  character.  The  sandstone  would  similarly  bo  vitrified.  Later 
movements  would  result  in  the  further  intersection  of  this  part  of  the  district  by 
the  numerous  dykes,  the  decomposed  remains  of  which  are  now  to  be  seen  ramifying 
through  the  deposit.  Those  gradual  chemical  interchanges  would  take  place  which 
resulted  in  the  alteration  of  the  shattered  country-rock,  and  its  becoming  a  portion 
of  the  gangue  enclosing  the  auriferous  material,  which  was  then,  or  at  a  later  time, 
deposited.  In  process  of  time,  subaerial  denudation  removed  the  sandstone,  which 
now  is  only  to  be  seen  on  the  further  summits  of  the  neighbouring  hills.  Atmo- 
spheric agency  continued  to  carve  away  the  less  siliceous  anil  less  porous  portions  of 
the  country  surrounding  the  deposit,  until  Mount  Morgan,  owing  to  the  pervious, 
quartzose  nature  of  its  crest,  remained  as  a  low  hill  in  an  undulating  country. 

Since  writing  his  paper,  the  author  has  visited  and  examined  the  equally  famous 
Broken  Hill  silver  deposit,  and  the  latter  confirms  a  statement  he  makes  that  the 
material  of  the  Mount  Morgan  ore  could  be  duplicated  elsewhere.  At  Mount 
Morgan  all  the  conditions  generally  considered  favourable  to  ore  deposition  were 
present  in  a  marked  degree.  A  mass  of  countiy-rock,  whether  graywacke  or  sand- 
stone, consisting  of  granules  of  quartz,  held  together  by  a  felspathic  cement, 
becomes  fractured  by  the  intnision  of  a  series  of  dykes,  which  form  a  ready  passage 
for  the  flow  of  mineral  solutions.  Such  a  rock  would  readily  lend  itself  to  altera- 
tion, and  would  be  well  fitted  to  receive  a  mineral  deposit.  Later  dynamic  action 
produced  a  further  metamorphism  of  the  surrounding  rocks,  followed  or  accompanied 
by  the  intersection  of  the  already  shattered  rocks  by  another  series  of  dykes,  which 
reopened  a  passage  for  the  i;nderground  waters.  In  this  case  it  is  not  necessary  to 
go  far  for  the  source  of  the  gold.  The  large  mass  of  decomposed  pyritic  quartzite, 
though  the  pyrites  contains  but  a  trace  of  the  precious  metal,  is  more  than  sufficient 
to  account  for  the  wealth  that  has  been  uncovered. 

Finally,  says  Mr.  Kickard,  there  is  no  need  to  offer  any  particular  reason  for  the 
unusual  richness  of  the  deposit,  beyond  the  eminently  favourable  condition  of  the 
original  rock,  the  numerous  channels  offered  to  percolating  waters,  and  the  close 
proximity  both  of  the  sources  of  the  gold  and  the  usual  precipitants.  J.  W. 
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INFUSORIAL  EARTH. 

La  Gloria  Infusorit.     By  G.  Petit.     Genie  Civil,  1892,  vol.  xxii.,2)age  11. 

The  deposits  of  infusorial  earth,  to  which  the  name  of  Gloria  infusorit  has  been 
applicfl,  at  Celle  in  Hanover,  and  Klicken  in  Anhalt,  are  of  great  extent.  They 
occur  in  basins,  often  attaining  a  thickness  of  06  feet  (20  metres),  from  3  to  1.5  feet 
(1  to  5  metres)  below  the  sandy  surface.  They  present  three  distinct  qualities,  white 
at  the  bottom,  then  grey,  and  green  at  the  top  ;  this  latter  resulting  from  the 
vegetable  products  which  have  worked  ia  from  the  surface,  and  which  often  form 
40  per  cent,  of  the  whole. 

The  main  use  at  present  is  in  the  manufacture  of  dynamite  ;  but  it  is  also  suited 
for  all  purposes  where  a  good  mn-conductor  of  heat  is  required.  G.  E.  C. 


JADE  IN  UPPER  BURMA. 

Note  on  the  oeeurrence  of  Jadeitc  in  Upper  Burma.  By  De.  Fritz  Noetling 
{witlh  a  map').  Becords  of  the  Geologifal  Survey  of  India,  1893,  vol.  xxvi., 
pages  26-31. 

The  chief  interest  of  this  pxper  is  the  description  of  the  manner  of  occurrence  of 
jade.  It  is  found  forming  the  central  portion  of  a  dark  eruptive  rock  closely 
resembling  serpentine,  and  separated  from  the  outer  rock  by  a  band  of  soft  clayey 
serpentine.  The  rocks  through  which  the  serpentine  has  been  erupted  are  probably 
of  Miocene  age.  G.  W.  B. 


IMPROVEMENTS  IN  COPPER  SMELTING. 

By  E.  D.  Peters,  Jun.      Australian  Mining  Standard,  vol.  ix.,  pages 
276  and  288. 

Pyritic  smelting,  i.e.,  smelting  pyrites  by  the  heat  generated  by  the  combustion 
of  the  contained  sulphur,  is  stated  to  be  successfully  performed  in  the  United  States, 
at  Leadville,  Kokono,  and  Boulder,  by  heating  the  air-blast.  This  concentrates  the 
temperature  in  the  lower  part  of  the  furnace,  so  preventing  the  ore  in  the  upper 
part  from  becoming  soft  and  clogging.  An  ordinary  water-jacket  blast-furnace  is 
used,  and  the  smelting  commenced  as  usual.  After  it  is  working  well  the  proportion 
of  coke  is  lessened,  until  with  pure  pyritic  ores  it  may  even  be  dispensed  with 
entirely.  At  Boulder,  where  the  sulphur  in  the  charge  averages  20  per  cent.,  about 
2|  per  cent,  of  coke  is  added,  as  against  1.5  per  cent,  formerly  required.  A  large 
proportion  of  fines  is  of  course  a  hindrance,  and  over  40  per  cent,  would  render  the 
method  inapplicable ;  as  also  would  over  5  per  cent,  of  lead  or  zinc  sulphides. 

The  rest  of  the  paper  contains  a  description  of  the  Manh^s  process  of 
Bessemerizing  copper  mattes.  G.  E.  C. 


MANGANESE    IN    THE    UNITED    STATES. 

Manganese.  By  R.  A.  F.  Penrose,  Jun.  llie  Engineering  and  31ining  Journal 
iNew  Yorh)  1892,  vol.  liii.,  pages  38-39. 
Production. — In  1891,  the  production  of  manganese  ore  proper,  independently  of 
manganiferous  iron  ore*,  manganiferous  silver  ores,  and  manganiferous  zinc  ores,  has 
been  probably  less  than  20,000  tons.  The  production  for  1889,  was  23,927  tons, 
whilst  the  largest  annual  output  in  the  United  States  was  in  1887,  when  34,524  tons 
were  mined. 
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Most  of  the  manganese  ore  of  the  United  States  is  produced  in  the  States  of 
Virginia,  Georgia,  and  Arkansas,  mentioned  in  the  order  of  the  quantity  of  ore 
produced ;  while  smaller  amounts  are  derived  from  Leadville,  Colorado ;  San 
Joaquin  County,  California,  and  the  Lake  Superior  region  of  Michigan.  The  old 
manganese  workings  at  Brandon,  Chittenden  and  South  "Wallingford,  Vermont,  were 
idle  in  1891. 

Methods  of  Mining,  etc. — The  largest  manganese  deposits  in  the  United  States — 
those  of  Virginia,  Georgia,  and  Arkansas — occur  as  irregular  nodules,  layers,  and 
pockets  in  clay.  They  are  usually  worked  by  shafts  and  drifts,  and  the  loose 
character  of  the  ground  frequently  necessitates  expensive  timbering.  In  some  cases 
large  open-cuts  have  been  worked  successfully.  In  Colorado  and  California  the 
deposits  occur  in  solid  rock,  and  the  ore  is  obtained  by  the  ordinary  process 
of  mining. 

The  ore  in  the  clay  is  usually  wa'^hed  before  shipment  in  an  ordinary  iron-ore 
washer,  as  in  Virginia  and  Arkansas,  or  in  revolving  perforated  cylinders  as  in 
Georgia.     The  smaller  ore  is  also  sometimes  cleansed  by  jigging. 

Uses  of  Manganese. — Over  nine-tenths  of  the  manganese  production  of  the  United 
States  is  consumed  in  the  manufacture  of  ferro-mauganese  and  spiegeleisen  for  use 
in  steel-making.  The  rest,  usually  the  higher  grades  from  Virginia  and  some  from 
Georgia,  is  consumed  in  the  manufacture  of  bromine,  in  clarifying  glass,  in  maldng 
manganese  bronze,  silver  bronze,  and  other  alloys,  besides  in  small  quantities  for 
numerous  other  manufacturing  and  chemical  purposes.  J.  W. 


THE    RUSSELL    PROCESS    AT    THE    SOMBRERETE    MILL. 
By  E.  H.  Russell.      The   Engineering   and   Mining   Journal  {JS^ew  YorJi),  1891, 

vol.  li.,  2^^S^  l^*^' 

The  Russell  process  (English  patents,  5431,  March,  1884,  and  6102,  April,  1888),  has 
for  its  object  the  recovery  of  silver  and  gold  existing  in  ores  as  metallic  silver,  as 
sulphides  of  silver  or  gold,  or  as  compounds  of  silver  with  antimony  or  arsenic,  and 
which  cannot  be  extracted  by  leaching  with  sodium  hyposulphite  alone.  The 
leaching  solution  employed  in  the  Russell  process  consists  of  an  ordinary  hyposulphite 
solution  to  which  has  been  added  a  soluble  compound,  preferably  the  sulphate  of 
copper.  A  double  salt  of  cuprous  sodium  hyposulphite  is  thus  formed  in  which 
the  copper  can  be  replaced  by  silver,  the  eliminated  copper  taking  the  place  of  the 
silver  in  the  compound  decomposed  by  the  solution.  The  solution  is  made  by  adding 
1  to  3  per  cent,  of  the  copper  salt  to  a  1  to  5  per  cent,  solution  of  hyposulphite  of 
soda.  The  gold  and  silver  are  recovered  by  precipitation  as  sulphides.  According 
to  the  newer  method,  protected  in  1888,  the  copper  sulphate  is  first  mixed  with  the 
crushed  ore,  so  as  to  replace  by  cupric  hydrate  any  of  the  injurious  metallic  hydrates 
which  may  be  present  in  the  charge.  When  this  neutralizing  action  is  complete,  the 
usual  sodium  hyposulphite  solution  is  added,  this  reacts  with  the  copper,  already 
present  in  excess,  to  form  the  cuprous  sodium  hyposulphite. 

The  series  of  experiments  reported  on  were  instituted  with  a  view  to  determine 
the  best  mill  methods  for  the  treatment  of  Sombrerete  ore,  and  to  decide  what  changes 
might  be  necessary  in  the  new  plant. 

The  experiments  were  confined  to  ore  from  the  San  Francisco  mine,  an  approxi- 
mate analysis  of  which  was  as  follows  : — 

FeSj,  40  per  cent;  ZnS,  12  per  cent  PbS,  13  per  cent,  and  insoluble  residue, 
34  per  cent. 
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The  blende  assayed  80  ounces  of  silver  per  ton  ;  the  galena  70  ounces,  and  the 
.  pyrites  35  ounces. 

The  leaching  work  done  in  the  mill  was  so  thorough  that  the  average  apparent 
mill  extraction,  in  the  whole  127  charges  (40  tons  each)  treated,  exactly  equalled 
the  result  of  the  assay-office  leaching  test  on  the  samples  of  these  charges,  and  for 
the  last  10  of  the  13  mill  runs,  exceeded  the  assay-office  results  by  1-4  per  cent. 
These  experiments  at  the  Sombrerete  mill  ran  over  93  days,  4,935  tons  of  ore  being 
crushed. 

The  whole  series  of  experiments  was  divided  into  three  sections,  according  to  the 
general  method  pursued  in  the  roasting,  as  follows: — 

(1)  Furnace  Roasting  loithout  an  Air  Blast  and  without  a  Preliminary  Field- 
roasting. — The  following  results  were  obtained  by  this  method  of  working : — 


Per  Cent,  of 

San  Francisco 

Ore  used. 

Mesh  of  Screen 
for  Ore. 

Mesh  of  Screen 
for  Salt. 
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of  Salt. 
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by  Extra  Solution 

in  Assay  Office. 

100 

60 

30 

17 
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100 

60 

0 

0 

71-4 

76 

30 

12 

12 

74-6 

90 

24 

12 

14 

71-1 

100 

24 

12 

12 

54-5 

(2)  Furnace  Roasting  with  Air  Blast  in  the  Furnace,  hut  without  a  Preliminary 
Heap-roasting . — With  this  method  of  roasting,  and  with  an  ore  containing  only 
17  per  cent,  of  sulphur,  crushed  through  a  24-mesh  screen  and  roasted  with  ITS  per 
cent,  of  salt  added  to  the  raw  ore,  the  actual  mill  extraction  based  on  raw-ore  weights 
and  values  was  79*8,  or  if  based  on  roasted-ore  weights  and  values  95  per  cent.  All 
the  ore  treated  under  this  section  was  crushed  by  rolls.  The  result  showed  that  for 
roasting,  except  after  fine  crushing,  the  sulphur  contents  of  the  ore  should  be  reduced. 

(3)  Furnace  Roasting  after  a  Preliminary  Heap-roasting. — With  the  object  of 
reducing  the  sulphur  contents  of  the  ore,  heap-roasting  was  adopted.  The  piles 
were  built  as  follows  : — Trenches  about  1  foot  in  depth  and  width  were  dug  about 
2  feet  apart.  Similar  trenches  were  made  at  right  angles  across  these.  All  were 
covered  with  old  grate-bars  or  flat  stones,  laid  an  inch  or  two  apart.  The  trenches, 
under  the  grate-bars,  were  then  filled  with  kindlings  and  the  ore  was  piled  on  top  to 
a  height  of  from  6  to  12  feet.  The  following  features  about  the  heap-roasting  were 
worthy  of  note  : — No  silver  was  lost ;  the  amount  of  fuel  required  was  about  one- 
half  cord  of  wood  per  500  tons  of  ore ;  and  the  piles  burned  rapidly,  a  300  tons  heap 
only  requiring  four  to  five  days.  With  such  rapid  burning,  however,  the  interior  of 
the  pile  sintered.  This  was  remedied  by  covering  the  pile  with  fine  material,  to 
cause  slower  combustion.  All  the  field-roasting  was  done  at  the  mine,  scarcely  any 
extra  handling  of  the  ore  being  required.  The  apparent  extra  expense  of  heap- 
roasting  was  about  15  cents  per  ton.  Really,  there  was  no  extra  expense  as,  by  heap- 
roasting,  the  drying  of  the  ore  at  the  mill,  which  was  otherwise  necessary,  and  which 
cost  25  to  30  cents  per  ton,  was  avoided.  During  this  section  of  experiments  the 
salt  used  in  roasting  averaged  8-7  per  cent,  of  which  1  per  cent,  was  added  to  the 
raw  ore  and  the  remainder  thrown  into  the  shaft  and  return  flue  of  the  furnace  on 
top  of  the  roasted  ore. 

The  average  number  of  pounds  of  chemicals  used  per  ton  in  leaching  was : — 
Hyposulphite,  1-8  ;  bluestone  (copper  sulphate),  6-3 ;  sodium  carbonate,  6-3  ;  caustic 
soda,  4-0  ;  and  sulphur,  2-6.  The  strength  of  the  stock  solution  was  1*5  per  cent,  of 
hyposulphite,  and  of  the  extra  solution,  0"70  per  cent,  of  bluestone. 

The  average  time  of  charging  vats  (50  tons)  was  8  hours  :  of  first  washing, 
12  hours;  leaching  and  second  washing,  46  hours;  sluicing-out  tailings,  1|  hours  ; 
or  a  total  of  67i  hours. 
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The  average  loss  of  silver  by  dust  from  machinery  and  furnace,  and  by  volatili- 
zation in  roasting,  during  the  experiments  of  this  section  was  3-6  per  cent,  of  the 
raw  ore  weights  and  values,  that  of  the  last  run  being  1-.S  per  cent.  The  actual 
mill  clean-iip,  based  on  raw  ore  weights  and  values  for  all  the  experiments  of  this 
section  was  86-3  per  cent.,  that  of  the  list  run  being  90-9  per  cent.,  or,  if  based  on 
roasted  ore  weights  and  values,  93*0  per  cent. 

Summary. — The  changes  in  mill  methods  and  the  results  obtained  in  the  treat- 
ment of  Sombrerete  ore,  containing  about  66  per  cent,  sulphides,  are  summarized 
as  follows  :— 

All  drying  of  the  ore  at  the  mill  was  dis'i^arded ;  the  ore  crushing  was  changed  from 
60-mesh  to  6-mesh  ;  the  fineness  of  salt  used  was  changed  from  30-mesh  to  using  it 
uncrushed  and  undried  ;  the  method  of  using  it  was  changed  from  adding  it  to  the 
raw  ore  to  adding  it  to  the  roasted  ore ;  the  amount  of  salt  used  was  reduced  to  6-5 
per  cent.;  the  loss  of  silver,  as  dust  and  by  volatilization,  was  reduced  to  1-3  per 
cent. ;  the  results  of  leaching  in  the  mill  equalled  and  exceeded  the  results  which 
could  be  obtained  by  assay-office  leaching  tests  on  the  same  roasted  ore.  The  results 
attained  on  all  heap-roasted  ore  averaged  86-3  per  cent,  actual  extraction,  based  on 
raw-ore  weights  and  values,  or  90"9  on  the  last  run,  or  93  per  cent.,  based  on  roasted- 
ore  weights  and  values ;  all  of  which  were  about  such  as  would  be  obtained  in  the 
same  running  time  and  with  the  same  amount  of  ore  in  any  new  mill.  The  results 
at  the  Sombrerete  mill  compared  with  those  of  the  Marsac  mill  (Daly  Mining 
Company)  were  as  follows: — 


Silver. 
Ounces 
per  Ton. 

Gold. 
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per  Ton. 
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SUver 
extracted. 
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40-00      . 

..     S2-25 

...      83-0      . 

..      50-0      .. 

.     $6-79     . 

.     S6-48 
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43-40     . 

..       1-35 

..     89-2     . 

..     41-5     .. 

.       5-50     . 

.  6-40 
J.W. 

THE  PRACTICAL  CHLOEIXATIOX  OF  GOLD-ORES  AND  THE 
PRKCIPITATION  OF  GOLD  FROM  SOLUTION. 

By  John  E.  Rothwell.  The  Engineering  and  Mining  Joiirnal  (^Xew  YorJt'), 
1891,  vol.  li.,  pages  16.5-166. 

The  author  gives  records  from  successful  working  experience  on  a  large  scale. 
The  chief  objection  to  a  plant  of  a  capacity  of  50  tons,  or  more,  per  24  hours,  for  the 
Plattner  (chlorination)  process  is  its  large  size  and  the  length  of  time  required  for 
a  single  operation.  The  problem  to  be  solved  by  the  engineer,  therefore,  in  handling 
low-grade  ores  that  will  not  concentrate,  is  to  find  a  process  that  will  treat  large 
quantities  of  ores  quickly,  cheaply,  and  with  as  little  interruption  as  possible.  In 
the  reduction  works  of  which  this  article  treats,  the  ore  was  crushed  dry,  in  Blake 
and  Gates  ci-ushers  and  in  two  sets  of  Krom  rolls,  roasted  in  Briickner  furnaces  of 
three  tons'  capacity,  and  chlorinated  in  barrels  of  three  and  four  tons'  capacity. 

Cmshing. — Preliminary  experiments  must  be  made  to  ascertain  how  coarse  the  ore 
may  be  crushed,  so  as  to  yield  the  best  results.  The  pulp  for  the  best  leaching  must 
be  in  granular  condition  and  carry  as  small  a  percentage  of  dust  or  slimes  as  possible. 
Rolls,  properly  managed,  are  especially  well  adapted  for  this  purpose. 

Chlorination. — The  barrel  is  made  to  serve  also  as  the  washing  and  leaching 
vessel  by  placing  a  supporting  diaphragm,  for  a  filtering  medium,  to  form  the  chord 
of  an  arc  of  the  circle  of  the  barrel.  This  filter  (or  diaphragm)  is  made  of  plates, 
corrugated  as  for  an  ordinary  filter-press,  and  perforated  with  holes  every  four,  or  six 
inches  square.  The  plates  are  supported  on  segments  which  are  bolted  to  the  shell ; 
on  the  top  of  the  corrugated  plates  is  placed  the  filtering  medium,  an  open-woven 
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asbestos  cloth.  Two  methods  are  described  for  charging  the  pulp  and  chemicals — 
bleaching  powder  and  sulphuric  acid.  When  the  chlorination  is  completed,  the 
barrel  is  stopped  so  that  the  filter  is  left  in  a  horizontal  position,  a  hose  is  attached 
to  one  of  the  outlet  pipes  and  conducts  the  solution  to  a  reservoir-tank. 

The  method  of  leaching  is  described,  the  washing  being  conducted  so  as  to  pre- 
vent escape  of  chlorine  gas.  The  solution  runs  into  a  covered  tank,  from  which  a 
fan  exhausts  into  the  atmosphere,  outside  of  the  building.  The  water  used  was 
100  gallons  per  ton  of  ore  for  chlorination,  and  120  gallons  more  for  leaching.  By 
using  the  washings  over  again,  the  volume  of  solution  to  be  precipitated  is  kept 
down  to  120  gallons  per  ton  of  ore. 

The  advantages  of  this  method  are  said  to  be  : — Considerable  saving  of  skilled 
labour,  freedom  of  the  building  from  chlorine  gas,  control  over  leaching  of  charge,  and 
the  small  amount  and  simplicity  of  machinery  for  amount  of  work  done.  One  intelli- 
gent man  and  a  helper  can  look  after  the  charging,  leaching,  and  discharging  of 
three  barrels. 

Precipitation. — The  writer  has  found  hydrogen  sulphide  gas,  generated  from 
paraffin  and  sulphur,  or  from  iron  sulphide  and  sulphuric  acid,  to  be  the  cheapest 
and  most  satisfactory  precipitant.  The  hydrogen  sulphide  gas  is  forced  through  the 
solution  by  a  small  air-pump,  which  at  the  same  time  forces  air  through,  this 
agitates  the  solution  and  expels  the  free  chlorine  gas.  Precipitation  is  thus  rapidly 
effected  and  the  precipitate  settles  well  in  a  fiocculent  form.  The  asbestos  filter 
cloth  can  be  changed  in  about  1|  hours,  and  will  last  for  over  100  charges. 

The  wear  and  tear  of  the  plates,  grating  and  lining  of  barrel  is  said  to  be  very 
slight  indeed.  J.  W. 


THE   CHLORINATION  OF  GOLD-ORES. 

By  J.  H.  BtJRFEiND.     Tlie  Engineering  and  Mining  Journal  {New  YorTi),  1891, 

vol.  U.^ipage  446. 

An  outline  of  the  Plattner  process  is  given,  as  worked  at  Douglas  Island,  Alaska, 
by  the  Alaska  Treadwell  Gold  Mining  Company,  which  works  turn  out  more  gold 
than  any  other  works  in  the  United  States. 

Firstly,  with  regard  to  precipitants,  the  author  finds  none  equal  to  ferrous  sul- 
phate for  general  use.  Its  preparation  is  simple,  requiring  no  machinery  ;  the 
material  is  cheap  and  always  at  hand ;  its  cost  is  less  than  any  of  the  others  offered 
to  replace  it ;  its  application  is  simple  and  its  action  entirely  satisfactory. 

The  main  objection  to  the  use  of  hydrogen  sulphide  is  that  it  precipitates  copper, 
as  this  metal  is  rarely  absent,  and  the  separation  of  the  sulphides  is  always  difficult. 

The  works  at  Douglas  Island  have  been  in  operation  about  seven  years.  The 
material  treated  is  the  sulphides  collected  by  the  Frue  vanners  in  the  stamp  mill. 
They  contain  on  an  average  over  40  per  cent,  of  sulphur,  mostly  in  iron  pyrites, 
although  of  late  a  good  deal  of  copper  pyrites  has  made  its  appearance.  The  gangue 
is  quartzose,  with  from  2  per  cent,  to  5  per  cent,  of  calcite. 

The  first  improvement  made  was  to  replace  the  Bruckner  with  the  automatic 
Spence  furnace.  The  latter  did  not  answer  at  all  until  changed  from  a  mufile  to  a 
reverberatoiy.  Six  of  them  were  built  at  a  large  expense.  The  cost  of  roasting  in 
them  was  less  than  half  that  in  the  Briickner ;  but  their  capacity  was  small  and 
fuel  consumption  large.  An  old-style  reverberatory  furnace  was  also  added  and 
such  satisfactory  results  were  obtained  by  it  that  the  company  decided  to  use  them 
entirely.  The  six  double  Spence  furnaces  were  thrown  out,  and  now  the  works 
treat  nearly  twice  the  amount  of  material  with  only  four  reverberatory  furnaces 
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These  four  furnaces,  built  after  the  plan  of  Mr.  H.  Staasfield,  are  13  feet  by  65  feet 
inside  measurement,  and  handle  about  20  tons  of  material  daily  at  a  cost  much  less 
than  could  be  done  with  the  Spence  furnace. 

The  roasted  ore  is  removed  from  the  pit  under  the  furnace,  spread  on  the  floor  to 
cool  somewhat,  then  wetted  sufficiently,  sifted  into  vats,  each  holding  about  4^  tons, 
and  the  chlorine  gas  is  put  on.  Four  hours,  on  an  average,  are  sufficient  for  the 
gassing  operation ;  after  which  the  vat  is  allowed  to  stand  20  to  30  hours. 

The  leaching  usually  takes  12  hours.  For  convenience,  and  to  avoid  breakage 
of  filters,  etc.,  the  solution  is  run  into  intermediate  tanks  and  thence  to  the  precipi- 
tating vats  in  which  is  already  placed  the  necessary  amount  of  the  precipitant,  Fe 
SO..  The  precipitation  is  complete  by  the  time  the  vat  is  run  full.  The  solution 
is  then  stirred  briskly  for  a  few  moments  and  left  to  settle  for  18  to  24  hours.  The 
supernatant  liquor  is  then  drawn  off  and  allowed  to  go  to  a  large  filter.  Tests  show 
that  this  waste  liquor,  when  down,  contains  gold  still  in  suspension,  equal  to  23  to 
25  cents  per  ton  of  material  treated,  and  this  is  entirely  saved  by  the  filter.  A 
clean-up  is  made  twice  a  month  ;  as,  if  only  once  a  month,  the  amount  of  gold  is  too 
much  for  one  man  to  handle.  The  drying  and  melting  of,  say,  12,000  dollars 
(£2,400)  can  easily  be  done  by  one  man  in  one  day.  The  dried  gold,  from  the 
clean  up,  is  melted  into  bars  with  a  little  borax. 

A  chlorination-vat  holding  about  4^  tons  of  roasted  material  costs  50  dollars 
(£10),  and  lasts  fully  three  years  without  any  repairs.  The  filter  in  it  costs  only 
the  price  of  a  few  gunny  sacks,  will  last  .six  months,  and  needs  no  attention  during 
that  time.  The  other  vats  will  last  a  lifetime  and  not  need  more  than  an  occasional 
hoop.  There  is  not  a  piece  of  machinery  in  the  works,  an  advantage  that  is  fully 
understood  by  a  practical  chlorinating  man.  The  real  difficulty  which  is  universally 
met  is  in  the  roasting  of  the  material.  Most  of  the  ores  now  treated  by  chlorination 
are  roasted  with  salt.  Whilst  intelligent  operators  have  succeeded  in  reducing  the 
loss  of  gold,  which  occurs  by  volatilization  very  largely  when  salt  is  used  in  roasting, 
it  is  still  very  large  and  occasionally  will  increase  to  an  alarming  extent  without 
any  apparent  cause.  The  loss  fi'om  this  source  amounts  to  an  enormous  annual 
aggregate,  and  is  often  the  reason  why  well-arranged  and  well-conducted  works 
prove  financial  failures.  J.  W. 

LEAD-ORES  OF  MAZARRON,  SPAIN. 

Criaderos  Metaliferos  de  Maxarron.     By  F.  B.  Yillasakte.     Revista 

Minera,  vol.  xliii.,  pages  145,  155,  163,  and  169. 

The  mineral  deposits  of  Mazarron  are  of  two  classes — veins  and  masses.  To  the 
first  class  belong  the  lead  veins,  which  form  the  wealth  of  the  district,  the  occasional 
veins  containing  copper  ores  being  of  no  importance. 

The  lead  veins  contain  more  or  less  argentiferous  galena,  often  intimately 
mixed  with  blende,  and  this  latter  is  sometimes  very  largely  in  excess.  The 
containing  rock  is  always  trachyte,  and  when  this  disappears  in  depth  the  fissure 
which  has  formed  the  lode  continues,  but  is  always  barren. 

The  galena  is  either  laminar,  radiated  or  granular  ;  in  the  first  case  being 
usually  richer  in  lead  and  in  the  second  in  silver.  The  richness  is  very  variable,  in 
some  cases  being  65  to  80  per  cent,  of  metallic  lead — in  others  not  more  than  10  to 
12  per  cent.  The  average  may  be  taken  at  30  per  cent.,  which  by  mechanical 
concentration  may  be  raised  to  50  per  cent.  The  ley  in  silver  varies  from  1  ounce 
and  2  ounces  per  quintal  to  3^  ounces,  2  ounces  being  very  common ;  but  in  one 
district  there  are  veins  of  carbonate  very  poor  in  lead,  but  with  6  ounces  of  silver 
as  the  average^ 
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The  direction  of  the  more  profitable  lodes  is,'.pretty«constantly  north  and  south, 
within  a  few  degrees.  There  are  lodes  running  east  and  west,  but  these,  with  few 
exceptions,  are  barren.  The  inclination  varies  from  45  degs.  to  vertical,  dipping 
more  generally  to  the  east.  Changes  of  inclination  are,  in  many  important  lodes, 
very  frequent.  The  width  also  varies  greatly,  from  8  inches  to  16  feet  (0-20  of  a 
metre  to  5  metres).  Geodes  (vughs)  are  infrequent,  and  are  generally  small' fissures 
or  irregular  cavities  full  of  earthy  dolomite. 

The  mineral  constituents  of  the  lodes  vary  greatly,  not  only  at  different  depths, 
but  even  at  the  same  level.  Near  the  surface  the  galena  almost  completely 
disappears,  being  replaced  by  carbonates,  phosphates,  and  arseniates  of  lead,  and 
there  is  also  a  great  deal  of  brown  hajmatite.  The  superficial  decomposition  of  the 
trachytes  by  the  metalliferous  solutions  permeating  the  fissures  has  given  rise  to  the 
formation  of  alunite,  which  forms  the  best  evidence  of  the  existence  of  a  lode. 

The  richness  of  the  veins  has  been  observed  to  be  greatest  in  their  most  vertical 
portions,  in  accordance  with  the  theory  of  Moissenet.  It  has  hitherto  been  con- 
sidered that  the  richness  in  silver  diminishes  with  depth,  but  two  important 
discoveries  which  have  been  recently  made  do  not  favour  that  assumption. 

Not  all  the  lodes  reach  the  surface,  although  the  more  important  do  ;  the 
remainder  may  be  considered  disconnected  branches  from  these.  The  course  is,  as  a 
rule,  exceedingly  irregular,  and  even  when  the  fissure  continues  for  a  long  distance, 
the  width  and  contents  are  extremely  variable. 

In  the  succeeding  numbers  the  author  describes  the  various  mines  in  detail. 

In  the  Fortuna  district  the  two  dominant  directions  of  the  lodes  are  north  1 5 
degs.  east  and  north-west.  The  inclination  is  always  nearly  vertical,  with  a  slight 
tendency  to  dip  north-west.  The  thickness  can  hardly  be  determined,  owing  to  the 
small  depth  hitherto  attained,  but  may  perhaps  be  put  at  about  3  feet.  The 
minerals  present  and  the  ley  in  silver  vary  greatly,  but  in  the  former  group  the 
general  rule  is  for  the  proportion  to  be  9  to  10  ozs.  silver  per  quintal  of  lead,  in  the 
latter  group  not  more  than  4  ozs.  The  outcrops  are  very  numerous,  and  generally 
traces  of  old  workings. 

With  reference  to  the  iron  deposits,  in  the  Santa  Justina  mine  they  consist  of 
superficial  pockets  intercalated  in  Tertiary  limestones.  The  average  percentage  is 
50  per  cent.,  with  a  little  manganese. 

The  Vulcano  mine  is  an  east-and-west  lode  dipping  north,  and  for  a  time  yielded 
1,000  tons  of  ore  monthly.  At  a  depth  of  328  feet  (100  metres),  however,  it  dis- 
appeared, and  its  continuation  could  not  be  found.  G.  E.  C. 


MICA  MINES  OF  CAROLINA,  U.S.A. 

Mica  and  the  Mica  Mines.    By  C.  Hanford  Henderson.     Popular  Science 
MontMy  (J\ew  Turk),  vol.  xli., pages  652-665. 

The  mica  mines  of  the  western  part  of  North  Carolina  are  described.  The 
country  rock  is  Huronian  or  Laurentian  gi-anite  and  gneiss,  dipping  at  an  angle  of 
45  degs.  or  more.  Commonly  the  veins  occur  in  a  fine-grained  black  gneiss  known 
locally  as  "  slate."  They  usually  dip  with  the  bedding,  but  sometimes  cut  across  it  • 
and  vary  from  under  an  inch  to  10  or  12  feet  thick.  The  contrast  between  vein- 
stuff  and  country  is  very  striking,  the  felspar  in  the  former  giving  it  a  glistening 
white  appearance.  The  vein-filling  consists  essentially  of  mica,  quartz  and  felspar 
very  coarsely  crystalline,  the  mica  having  crystallized  out  first. 
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The  mines  were  first  found  by  ancient  trenches  on  the  veins,  where  the  "old 
men  "  had  worked  with  stone  implements.  They  were  first  tried  for  silver  in  the 
idea  that  this  was  what  the  ancient  workings  had  been  for,  but  were  naturally 
found  barren.  Subsequently  the  mica  on  the  waste  heaps  attracted  attention,  and 
led  to  systematic  mining. 

The  mica  as  extracted  is  in  the  form  of  rough  hexagonal  prisms,  varying  in 
colour  from  silver  grey  and  green  to  a  rich  brown — the  latter,  known  as  "  rum " 
mica,  often  fetching  a  higher  price.  The  arrangements  for  working  and  transport 
are  of  the  most  primitive  description. 

The  prisms  are  split  up  into  thin  plates  and  cut  tn  various  patterns. 

Occasionally  the  blocks  are  very  large,  when  they  become  valuable.  One  is 
reported  to  have  been  6  feet  long  by  3  feet  wide. 

The  cut  mica,  after  careful  trimming,  is  put  up  in  pound  packages  and  marketed. 
The  waste  is  very  great,  100  lbs.  of  block  yielding  only  about  l.i  lbs.  of  cut  mica. 
The  scrap  is  screened  to  free  it  from  sand,  etc. ;  it  is  then  ground  and  used  in 
various  industries.  Gr.  E.  C. 


THE  MAGNETIC  ORE-CONCEXTEATION  WORKS  AT  MAIERN,  TIROL. 

Die  Erzaufbereitung  in  Maiern  mit  besonderer  Berilchfichti^ung  der  Elektro- 
vuignetisehen  Extraction.  By  JosEF  BiLLEK.  OesterrticMsche  Zeitschrift 
fiir  Berg-und  Hiittenivesen,  1893,  vol.  xli.,  jmges  39-44:. 

This  mill  was  erected  to  concentrate  galena,  blende,  and  iron  ores.  The  separation 
of  these  minerals  is  effected  partly  by  the  ordinary  wet  process  and  partly  by 
magnetic  means.  The  zinc  blende  is  found  intimately  associated  with  siderite 
(carbonate  of  iron)  which  minerals  having  very  similar  specific  gravities,  cannot  be 
separated  by  the  wet  method,  the  specific  gravities  being  zinc  blende,  4*0 ;  and 
siderite,  3-6.  A  system  of  magnetic  separation  is  therefore  adopted,  and  the  ore  is 
roasted  so  as  to  change  the  siderite  into  magnetic  oxide  of  iron. 

The  ore  from  the  mine  is  separated  into  three  classes  as  follows : — 1.  Galena  and 
blende  ore,  rough  ore  (jerzwdnde).  2.  Smalls  (^gruhenMein).  3.  Blende  ores 
(iJende  mittelerze).  The  blende,  which  constitutes  the  main  portion  of  the 
production,  is  found  in  two  varieties  ;  soft  coarsely  crystallized  blende,  containing 
on  an  average  57  per  cent,  of  zinc,  and  hard  blende,  with  which  siderite,  magnetite, 
and  galena  are  associated,  containing  40  per  cent,  of  zinc. 

The  ore  as  it  comes  from  the  mine  is  first  passed  through  a  stone-crusher,  which 
crushes  in  10  hours  from  45  to  70  tons  to  an  average  size  of  1"77  inches  (45 
millimetres).  The  larger  size,  above  0-63  inch  (16  millimetres)  is  hand-sorted, 
and  the  product  may  be  quantitively  classified  as  follows  : — 

Per  Cent. 
Best  blende       ...         ...         ...         ...         I'o  to    2 

Lead  ore  ...         ...         ...         ...         3"5  „     4 

Blende  ore        70    „  80 

Waste 20    „  25 

The  cost  of  hand-picking  is  35  to  50  kreuzer  (7d.  to  lOd.)  per  ton  of  crude  ore. 
After  the  lump  ore  has  been  hand-picked,  the  ores  are  farther  reduced  by  rolls,  and 
are  sorted  according  to  size  by  means  of  revolving  sizing-drums  preparatory  to 
jigging.     The  ores  are  sized  into  particles  from  004  to  1  inch  (1  to  25  millimetres). 

The  jigs  treat  per  10  hours  on  an  average  as  follows  : — Fine  jigs,  2|  tons  of  ore; 
coarse  jigs.  7  tons  of  ore. 


TEANSACTIONS   AND    PERIODICALS. 


435 


In  order  to  render  the  siderite  magnetic,  the  mixed  blende  and  iron  ore  is 
roasted  in  kilns,  which  have  an  inside  width  of  3-28  feet  (1  metre),  length  of  6*56 
feet  (2  metres),  and  height  of  7-54  feet  (3-2  metres).  The  carbonate  of  iron 
(Fe  COg)  is  changed  into  oxide  of  iron  (Fe,  OJ.  Each  kiln  roasts  7|-  tons  in  24 
hours.  After  the  first  heating  of  the  furnace  no  fuel  is  required,  as  the  combustion 
is  kept  up  by  the  sulphur  in  the  ore. 

The  roasted  ore  is  crushed  by  rolls,  of  which  there  are  five  pairs,  each  having  a 
diameter  of  18'9  inches  (48  centimetres),  and  a  width  of  I2'6  inches  (32  centimetres) 
and  making  30  revolutions  per  minute.  The  ore  is  crushed  to  four  sizes,  0  to  0'02, 
0-04,  0-08,  and  0-12  inch  (0  to  0-5  millimetre,  1,  2,  and  3  millimetres).  The  dust 
made  in  crushing  is  carried  off  by  two  Challenger  ventilators,  diameter  3'94  feet  (1'2 
metres),  width  0*92  feet  (0*28  metre)  which  is  capable  of  carrying  off  1,400  cubic 
feet  (400  cubic  metres)  of  dusty  air  when  making  300  revolutions  per  minute. 

The  dust  is  collected  in  a  suitable  chamber.  The  separation  of  the  blende  from 
the  iron  is  carried  out  by  four  magnetic  machines,  which  are  supplied  with  electricity 
by  two  dynamos,  giving  .50  amperes  and  31  volts.  The  magnetic  separating- 
machine  consists  of  a  revolving  brass  drum,  inside  which,  and  at  one  side  of  the 
drum,  are  fixed  magnets.  The  ore  is  fed  continuously  at  the  outside  of  the  revolving 
drum  where  the  magnets  are,  and  the  iron  is  attracted  by  the  magnets  and  falls  into 
a  compartment  situated  farther  from  the  feed  than  that  into  which  the  blende  falls. 
Twenty  amperes  is  the  maximum  current  allowed  to  each  separating-machine. 
Each  machine  treats  1^  tons  of  coarse  ore  and  1  ton  of  the  fine  ore  per  hour. 

The  blende  is  sometimes  passed  a  second  time  through  a  magnetic  separating 
machine,  and  is  finally  re-jigged  to  get  rid  of  any  gangue  (slate,  quartz  amphibole, 
etc.)     The  cost  of  working  is  as  follows : — 

Roasting... 

Crushing  and  sorting  ... 
Separation  (magnetic)  ... 
Jigging 

Total         2     3-5         ...         6     6-0 

The  following  tables  show  the  amount  of  ore  treated,  and  the  product  in  1891 : — 

Oee  Treated. 


Per  Ton  Treated. 
B.       d. 

Per  Ton  of  Product 

8.      d. 

0     7-6 

1     9-8 

0     6-0 

1     5-0 

0     6-7 

1     7-2 

0     7-2 

1     8-0 

1.  Smalls  {gruheiMcbi)      

2.  'RoMgh  ore  (erzwandc)     ... 

3.  Blende  ore  (blende  mittelerze')  .. 


Tons. 
2968-2 
4.57(5-1 
3223-8 


Percentage  o 
Zinc. 

25 
24 
27 


Product. 


Picked  Ore. 

Blende 
Concentrates. 

Lead 
Concentrates. 

Blende  Ore. 

Lead  Ore. 

Class  of  Ore. 

Tons.    Zn. 

S  o 

Tons. 

Zn. 

2  fl 

Tons. 

Pb. 

Tons. 

Zn. 

Tons. 

Pb. 

6 

IJ 

1.  Smalls      .. 

2.  Rough  ore 

3.  Blende  ore 

55-1 
74-2 

% 
48-5 

46-5 

1-9 
1-7 

9561 
1246-0 

7o 
4(1-0 

43-5 

32-2 
38-6 

23 
2-4 

7o 
68 

68 

0  08 
0-07 

838-0 
3,476 

7o 
27 

27 

28-2 
75-9 

82-6 
169-4 

8 

7 

2-8 
3-7 

W.  F.  W. 
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THE  CONKLING  MAGNETIC  ORE-CONCENTRATOR. 
Ore-Dressing  iy  Electricity  at  the  Tilly  Foster  Mine.     By  F.  H.  McDowell 
Transactions  of  the  American  Institute  of  Mining  Engineers,  1890,  vol.  xix. 
pages  71-73. 

The  results  of  a  six  months'  trial  of  the  Conkling  electric-magnetic  separator  are 
given.  The  local  difficulties  were  great.  Only  about  two-thirds  of  the  waste-heap 
is  ore,  and  this  varies  in  content  of  iron  from  20  to  28  per  cent.  In  addition,  the 
heap  was  originally  located  without  reference  to  further  treatment,  and  now  can 
only  be  handled  by  means  of  a  locomotive  operating  over  heavy  grades.  The 
mineral  is  so  widely  and  finely  disseminated  through  the  ore  that  it  has  been 
necessary  to  resort  to  fine-crushing. 

The  process  includes  crushing  the  ore  by  a  Blake  rock- breaker  on  the  heap, 
removing  it  in  train-loads  to  the  bins  in  the  mill,  passing  it  under  two  ball-stamps 
provided  with  screens  of  -jV  i^cli  mesh,  elevating  it  to  the  Conkling  electric 
separating  belts,  and  delivering  the  concentrates  to  the  wagons  and  the  tailings  to 
the  settling-reservoirs. 

In  six  months  there  were  treated  18,058  tons  of  lean  ore,  giving  an  average  of 
3,009  tons  per  month  ;  this  produced  concentrates  amounting  to  6,236  tons,  so  that 
2'89  tons  of  crude  ore  were  required  to  produce  1  ton  of  concentrates.  The  average 
cost  of  treatment,  including  preparing  the  ore  and  getting  it  to  the  mill  and 
disposing  of  the  tailings  (which  items  make  up  one-half  the  labour  charge)  was 
9-375  shillings  per  ton  of  concentrates.  The  actual  expenses  in  the  mill  averaged 
6"75  shillings  per  ton  of  concentrates. 

Several  conclusions  are  drawn  from  the  results  obtained,  the  chief  one  being  : 
Unless  the  location  and  other  conditions  are  exceptionally  favourable,  it  will  not 
pay  to  erect  works  to  treat  the  material  of  waste-heaps  carrying  less  than  25  per 
cent,  of  iron.  H.  W.  H. 

MAGNETIC  CONCENTRATION  OF  IRON  ORB. 
By  Habvey  S.  Chase.     Technology  Quarterly  (^Boston'),  vol.  v.,  pages  64-69. 

The  paper  deals  with  the  separation  of  low-grade  magnetic  oxide,  as  found  in 
o-reat  veins  throughout  the  Appalachian  range.  The  ore  is  reduced  by  repeated 
crushincf,  usually  by  rolls,  to  a  fineness  which  generally  varies  between  4  and  16 
mesh.  Finer  crushing,  even  up  to  50  mesh,  is  sometimes  necessary  ;  but  although 
an  excellent  product  is  often  obtained  in  such  cases,  it  is  doubtful  to  what  extent 
ores  which  require  such  fine  crushing  can  be  made  to  pay.  The  author  adopts  the 
plan  of  a  preliminary  coai'se  crushing  and  separation  into  heads  for  shipment, 
tailings,  which  are  thrown  away,  and  one  or  more  grades  of  middlings  for  subsequent 
re-crushing  and  re-concentration. 

The  Chase  magnetic  ore-concentrator,  consists  essentially  of  a  spirally-wound 
magnetic  wheel,  around  which  the  crushed  ore  is  carried  by  a  canvas  belt ;  worth- 
less tailings  are  thrown  oif  by  centrifugal  force,  and  the  remainder  is  carried  round 
to  the  under  side  of  the  wheel.  Thence  the  belt  passes  under  another  magnet,  with 
poles  of  varying  strength  and  distance,  by  which  the  particles  are  made  to  rotate 
and  tumble  around  each  other.  In  this  stage  the  middlings  are  separated  into  the 
number  of  classes  desired,  and  the  heads  are  carried  along  the  belt  to  another 
smaller  magnetic  wheel,  where  the  dust  is  removed  by  a  current  of  air  or  water, 
and  the  ore  passes  thence  on  to  the  bin.  The  machine  works  either  dry,  or  wet  in  a 
water-tight  tank,  the  fo.i'mer  giving  quicker,  the  latter  better,  results.  Some  ores 
ate  best  adapted  for  working  dry,  and  others  wet.  G.  E.  C. 
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THE  TREATMENT  OF  TAILINGS  BY  THE  LtJHRIG  SYSTEM. 

Description  of  the  Neiv  Concentrating  Plant  of  the  Hhnmelfahvt  Mine,  near  Frei- 
berg iu  Saxony,  By  0.  Bilhaez.  Special  Report  of  the  Bepartment  of 
Mines,  Victoria,  1892,  IS  pages,  3  plates. 

The  Liihrig  concentrating  plant  at  Himmelfahrt,  near  Freiberg,  Saxony,  which 
has  been  in  operation  since  1889,  is  arranged  in  two  equal  and  distinct  portions,  so 
as  to  admit  of  the  separate  treatment  of  ores  from  different  parts  of  the  mine,  or  of 
dressing  ores  from  other  mines.  Its  full  capacity  is  about  140  tons  per  day,  the 
average  output  from  the  Himmelfahrt  mine  being  rather  above  this  figure;  but  about 
one-fifth  of  the  ore  is  separately  treated  by  dry  stamping  and  hand-picking,  so  that 
the  average  quantity  of  ore  passing  through  the  concentrating  plant  is  about  118 
tons  per  day. 

The  ore,  which  is  first  roughly  separated  by  hand,  consists  chiefly  of  galena,  iron 
and  arsenical  pyrites  and  blende,  in  a  gangue  of  gneiss. 

The  galena  contains  generally  from  49  to  55J  ounces  of  silver  per  ton,  and  as  a 
rule  is  richest  when  fine-grained.  The  iron  pyrites  and  arsenical  pyrites  contain  no 
silver  ;  the  latter  is  separated  as  an  ore  of  arsenic.  The  blende  contains  a  high  per- 
centage of  iron  ;  and  its  specific  gravity  is  very  nearly  that  of  the  iron  pyrites. 
Separation,  therefore,  even  with  the  best  classification  and  jigging,  is  very  difficult  ; 
and  the  blende  ores  are,  as  far  as  possible,  separated  by  hand  and  treated  by  them- 
selves. 

The  main  principles,  to  carry  out  which  the  plant  was  designed,  are  : — 

(1)  Disintegration  of  the  ore  step  by  step,  with  concentration  at  each  stage. 

(2)  Effecting  crushing  and  concentration  as  far  as  possible  with  rolls  and 

jigs,  rather  than  stamps  and  slime  apparatus,  so  as  to  avoid  the  greater 
loss  in  the  latter. 

(3)  Automatic  working  throughout. 

It  is  hardly  necessary  to  point  out  that  these  principles  are  in  no  way  novel. 

The  situation  chosen  not  giving  slope  enough  for  the  latter  purpose,  it  was 
necessary  to  erect  the  main  building  in  several  storeys,  the  ore  being  raised  by  a 
lift  from  the  tramway  leading  from  the  mine. 

The  main  building,  constructed  for  the  roll  and  j'gging  work,  consists  of  four 
working- floors.  The  ore,  in  trucks  containing  about  2^  tons  each,  is  raised  by  the 
lift  to  the  top  floor,  and  there  tipped  into  hoppers  according  to  its  quality.  Thence 
it  passes  over  a  sort  of  shaking  sieve  which  lets  the  smalls  through  and  feeds  the 
larger  pieces  into  stone-breakers,  whence,  together  with  the  above  smalls  they  go 
on  to  sieve-drums  and,  after  sizing,  to  jigs.  The  outfall  from  these  sieves  falls  upon 
moving  inclined  picking-bands,  where  the  pure  ore  is  picked  out.  and  the  dradge 
passes  on.  This  then  goes  through  three  sets  of  rolls,  each  with  its  arrangement  of 
sieves,  jigs,  etc.,  the  whole  process  being  nearly  automatic.  The  waste  from  the  jigs 
is  run  by  means  of  a  launder  to  a  building  outside,  and  is  sold  as  building-sand, 
gravel,  etc., 

The  mixed  dradge  resulting  from  the  above  processes  is  elevated  into  hoppers 
feeding  2  sets  of  American  stamps,  of  15  heads  each,  also  situated  on  the  lowest 
floor  of  the  main  building.  Each  stamp  weighs  313  lbs.,  and  makes  53  falls  of  a 
trifle  over  1  foot  per  minute.  The  duty  is  176  lbs.  per  head  per  hour,  a  total  of 
23^  tons  per  day,  or  about  20  per  cent,  of  the  whole  quantity  of  ore  treated  by  the 
plant. 

The  stamped  ore  is  passed  through  sieve  drums,  then  through  spitzluttcn,  after 
classification  being  jigged  so  as  to  obtain  the  separate  ores  in  a  concentrated  form. 

In  the  final  working  the  stuff  is  again  passed  through  two  more  sets  of  spitz- 
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lutten.  The  first  set  divides  it  into  coarse,  middle,  and  fine  sand.  The  coarse  is 
treated  with  jigs  of  the  usual  kind  ;  the  middle  and  fine  are  first  concentrated  in  a 
circular  pulsating-jig  divided  radially  into  compartments,  and  which  can  treat  the 
whole  of  the  fine  sands  from  the  plant.  Finally  they  are  passed  over  percussion 
tables  or  vanners  with  rubber  band  moving  13  to  14  feet  and  receiving  about  140 
percussions  per  minute.  The  second  set  gives  very  fine  sand  and  slime  ;  the  former 
is  concentrated  by  a  single-sieve  percussion-jig,  the  latter  by  double  spitzlutten,  and 
both  are  then  passed  over  similar  percussion-tables. 

The  total  number  of  men  employed  in  and  about  the  whole  plant  is  51,  besides 
overseers.  The  steam-engine  working  the  plant  is  of  about  94  horse-power  effective  ; 
and  gives  power  for  the  lift,  lighting  by  electricity,  etc. 

The  quantity  of  water  required  is  35^  cubic  feet  per  minute. 

The  tailings  contain  silver  and  lead  per  ton  as  follows  : — 

From  the  coarsely-crushed  grains 
„        elementary  jigs 
„        round  jigger 
„        percussion-tables    . . . 
Deposits  in  settling  tanks 
No  particulars  are  given  of  the  cost  of  erection. 

In  another  appendix  to  the  departmental  report  are  given  the  results  of  various 
trials  made  with  Liihrig  vanners  on  various  small  parcels  of  tailings  from  Victorian 
mines.  In  the  report  Mr.  Newbery  emphasizes  the  fact  that  with  the  Liihrig 
system  success  cannot  be  obtained  if  the  supply  of  water  is  insuflicient ;  and  states 
that  Mr.  Liihrig  prefers  the  old  spitzTtasten  to  any  other  form  of  classifier. 

G.  E.  C. 


Silver. 
oz.  dwt.  gr. 

1  12  16 

Lead. 
oz. 

nil. 

0 

6  12 

5> 

0 

13   1 

») 

0 

19  14 

3261 

3 

5   8 

653i 

MAROS  WASHING-TABLE. 
Table  a  laver  du  Marus.  Traitement  des  roches  pauvres  pour  pyrites  riches.  By 
—  Effeee,  Genie  Civil,  1892,  vol.  xxii.,  j^uges  92  and  93. 
The  table  here  described  is  merely  a  modification  of  the  ordinary  hand-dressing 
box  often  used  in  Hungary  for  concentrating  auriferous  pyrites,  and  which  is  similar 
to  the  grave  buddle  once  used  in  Cornwall  for  dressing  tin.  It  consists  simply  of  a 
sloping  box,  at  the  upper  end  of  which  the  heavy  sand,  resulting  from  a  rough 
gravity-separation  of  the  pulp  from  the  stamps,  is  placed,  while  a  gentle  flow  of 
water  washes  it  down,  the  denser  particles  being  deposited,  an  attendant  keeping  it 
in  motion.  The  Maros  table  consists  of  two  such  boxes  placed  side  by  side,  suc- 
cessive streams  of  pulp  and  clean  water  being  made  to  flow  over  them  alternately, 
so  that  one  attendant  serves  for  both,  and  the  dressed  product  can  be  washed  off  as 
soon  as  a  thin  coating  is  deposited.  G.  E.  C. 

RIGADD  CRADLE  FOR  WA8HING  ALLUVIALS. 
Appareil  de  lavage  des  sables  metal  life  res. — Berceau  Rigaud.  By  —  Effeee. 
Ginie  Civil,  1892,  vol.  icxii.,  pages  120-122. 
This  is  a  form  of  cradle,  without  rockers,  suspended  from  a  raised  longitudinal 
axis.  The  principal  novelty  appears  to  be  the  use  of  a  kind  of  comb,  fixed  to  the 
axis,  wnich  when  the  cradle  is  oscillated  agitates]  the  surface  of  the  sand  collected 
between  each  pair  of  rifiies.  Small  holes  are  made  in  front  of  each  riifle,  through 
which  the  concentrated  product  can  be  withdrawn  at  intervals  into  a  receptacle 
beneath  G.  E.  C. 
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CASTELNAU  SYSTEM  OF  ORE-DRESSING.' 

Laverie  des  mines  de  2)lomh  argentifere  de  Bouillac  (Aveyron).    By  F.  Desquiens. 
Genie  Civil,  1892,  vol.  xxii.,  pages  202-203,  plates  XIII.  and  XIV, 

The  principal  features  of  this  installation  are  the  circular  jigs  and  belt  slime 
tables  on  the  Castelnau  system  ;  which  are,  however,  not  described  in  much  detail, 
and  of  which  no  drawings  are  given. 

The  ore,  after  passing  twice  through  stone-breakers  and  over  hand-picking  belts, 
is  crushed  by  two  pairs  of  roUs,  of  27^  inches  diameter,  and  with  a  tangential 
velocity  of  2'6  feet  per  second.  It  is  then  sized  by  a  series  of  5  trommels  vnth  holes 
of  from  5  to  7  millimetres.  The  particles  rejected  by  the  iirst  are  re-crushed,  and 
these  passing  through  the  last  go  to  the  slime-tables.  The  intermediate  sizes  go  to 
the  jigs,  as  to  which  the  following  figures  are  given : — 


Diameter  of  Particles. 
Inches.                           Millimetres. 

Blows  per  Minute 
of  Piston. 

Length  of  Stroke 
of  Piston. 
Inches.               Millimetres 

0-20  to  0-28 

5  to  7 

240 

1-18 

30 

0-12  „  0-20 

3    „    5 

260 

0-79 

20 

0-06  „  0-12 

..          li„    3^ 

280 

0-40 

10 

0-02  „  0-06 

2  !>      '■2 

300 

0-20 

5 

The  product  averages  60  per  cent.,  and  the  waste  0*5  per  cent,  of  lead.  The 
middle  product,  of  10  to  20  per  cent.,  is  sent  back  to  the  rolls. 

The  slimes,  after  settUng  and  re-mixing  to  the  proper  consistency,  are  con- 
centrated on  rubber  endless  belts  with  a  surface  of  46  by  4  feet,  moving 
longitudinally  9'8  inches  per  second,  and  inclined  in  the  direction  of  the  width. 
Each  machine  is  stated  to  concentrate  20  to  30  cwts.  of  ore  per  hour. 

All  the  water  is  used  over  and  over  again,  in  order  to  avoid  loss  in  floating  slimes. 

No  particulars  are  given  as  to  capacity,  etc.,  of  the  plant.  G.  E.  C. 


RECENT  GOLD-MILLING  PRACTICE  IN  NOVA  SCOTIA. 

By  John  E.  Hakdman.  Journal  of  the  Mining  Society  of  Nova  Scotia,  1892, 
rol.  i.,part  2,  page  34,  and  Canadian  Mining  and  Mechanical  Review,  1892, 
vol.  xi.,page.'<  134-137,  aitd  three  jflates. 

The  Oldham  mill  has  10  stamps,  especially  designed  for  hard  quartz  containing 
coarse  gold,  and  for  the  conditions  of  custom-milling.  The  battery  is  worked  by 
power  from  a  Pelton  wheel. 

The  main  features  of  the  system  of  working  adopted  are  a  very  short  rapid  drop 
and  saving  of  most  of  the  gold  inside  the  mortar.  The  stamps  are  of  the  Homestake 
pattern,  full  stamp  with  new  shoe  weighing  858  lbs.  The  modifications  adopted  in 
the  arrangement  are  fuUy  described  in  the  paper. 

The  stamps  work  85  drops  of  6^  inches  per  minute,  the  screen  being  the  equiva- 
lent of  a  30-mesh.     The  capacity  is  from  28  to  30  tons  per  24  hours. 

The  gold  is  obtained  in  the  following  proportions: — On  outside  plates,  8-55  per 
cent.;  on  inside  plates,  23"40  per  cent.;  and  in  mortar  sands,  68*05  per  cent.;  so  that 
91-45  per  cent,  is  retained  behind  the  screen. 

The  tailings  assayed  8s.  4d.  per  ton,  almost  entirely  in  the  sulphides ;  tailings 
from  concentrators  gave  Is.  8d.  to  2s.  Id.  per  ton. 

The  milling  cost  in  the  Black  Hills  is,  according  to  Prof.  Hofman,  allowing 
deductions  for  fuel,  2s.  4d.  per  ton. 
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The  costs  per  ton  at  the  Oldham  mill  are  as  follows : — 


Labour 
Supplies    ... 
Iron 
Quicksilver 


s. 

d. 

1 

1-65 

0 

1-47 

0 

1-32 

0 

1-02 

Total  ...         1     0-46 


When  running  on  large  lots  the  cost  has  been  reduced  to  Is.  2*31d.  per  ton.  On 
the  other  hand,  during  the  winter  months  an  extra  charge  of  l"76d.  is  necessary  for 
fuel  to  warm  the  mill.  G.  E.  C. 


MINING  IN  SARDINIA. 

Histoire  de  rijuhixtrie  Miniere  en  Sardai^ne.      By  —  DE  Lauxat.      Annales  de4 
Mines,  1892,  series  9,  vol.  i.,2>a!jes  511-538. 

Mining  was  probably  introduced  into  Sardinia  by  the  Carthaginians.  In  Roman 
times,  and  up  to  about  1860  only  argentiferous  galena  was  worked  to  any  great 
extent,  the  silver  being  extracted  by  cupellation.  The  galena  worked  by  the 
Romans  seems  to  have  been  only  in  soft  rocks,  such  as  limestone,  and  was  mined  by 
means  of  very  numerous  narrow  vertical  pits.  Analyses  of  slags  and  pigs  of  lead 
found  prove  that  the  silver-extraction  was  well  performed ;  the  slags  resulting  from 
the  initial  production  of  raw  lead,  however,  assay  as  high  as  25  to  30  per  cent,  of 
lead,  with  70  to  100  grammes  of  silver  to  the  100  kilogrammes  of  lead  (23  to  32^ 
ounces  per  ton). 

After  the  retirement  of  the  Romans,  the  mines  remained  unworked  until  the 
Pisan  domination  (1004-1323),  when  they  were  worked  by  free  companies  of  miners. 
The  author  mentions  a  curious  mining  code  relating  to  this  period,  the  technical 
terms  showing  traces  of  German  influence.  In  some  cases  the  workings  were  carried 
to  a  depth  of  800  feet  (250  metres),  the  drainage  being  performed  by  primitive 
pumps.  The  slags  show  an  improved  metallurgical  treatment  compared  with  that 
of  the  Romans. 

Early  in  the  fourteenth  century  Sardinia  was  conquered  by  the  Aragonese,  by 
whom  the  mines  were  worketl  as  State  property — at  a  loss :  subsequently  they  were 
leased  to  a  Genoese  company.  From  the  sixteenth  to  the  nineteenth  century  mining 
was  almost  extinct.  Its  revival  resulted  from  the  application  in  1848  of  a  new 
mining  law  similar  to  the  French  law  of  1810,  and  a  subsequent  improvement  of  the 
same  in  1859.  The  following  figures  are  given  of  the  extraction  of  argentiferous 
galena : — 

Tons. 

1846         17 

1858         6,637 

1860         15,228 

1865-6      26,229 

Calamine  was  first  worked  in  Sardinia  in  1866  at  the  now  famous  Malfidano 
mines,  where  its  value  was  discovered  accidentally  after  a  great  deal  of  time  and 
money  had  been  spent  fruitlessly  in  the  search  for  galena.  The  mines  now  employ 
1,700  men,  and  produce  50,000  tons  of  calamine  annually.  Tp  to  1888  the  total 
production  was  over  a  million  tons. 

The  first  lead  mine  re-worked  in  modern  times  was  that  of  Monteponi.  Work 
was  commenced  in  1791  and  carried  on  by  the  State  on  a  small  scale.     In  1850.  it 
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was  leased  privately  for  30  years  ;  and  shortly  after  yielded  an  annual  production 
of  two  million  francs,  of  which  20  per  cent,  was  profit.  At  the  renewal  of  the  con- 
cession in  1880,  much  more  severe  terms  were  exacted,  including  the  driving  of  a 
drainage-tunnel  6,600  yards  (6  kilometres')  long;  which  was  completed  in  1890  at 
a  cost  of  £80,000  (2,000,000  francs). 

The  Sarrabus  silver  mine  was  first  re-worked  in  1870,  and  in  1885  yielded  a  value 
of  £96,000  (2,400,000  francs).  The  lode  is  extensive  and  well-defined,  the  silver  being 
mainly  in  the  form  of  sulphide,  in  a  calcitic  gangue. 

Of  late  years  the  activity  of  mining  in  Sardinia  has  diminished,  the  production 
both  of  calamine  and  blende  showing  a  falling  off;  this  is  owing  partly  to  the 
increased  costs  of  working  in  depth,  partly  to  the  fact  that  the  calamine-deposits 
are  always  limited  masses  localized  near  the  surface.  Moreover,  at  the  Sarrabus,  it 
seems  that  below  a  certain  depth  the  silver  disappears,  at  any  rate  temporarily. 

G.  E.  C. 


MINING  IN  SARDINIA. 

Geognostische  und  hergmdnnische  3Tittheilungen  iiber  den  Bergbatihezirk  von  Iglesias 
aufder  Insel  Sardinien.  By  —  Marx.  Zeitschrift  fur  das  Berg-,  Hiitten-und 
Salinen-Wesen  im  Preussischen  Staate,  1892,  vol.  xl., pages  263-278. 

This  paper  contains  a  description  of  the  geological  features,  and  of  the  mines  of 
the  district  of  Iglesias  in  the  south-western  part  of  the  island.  The  formation  of  the 
district  is  mainly  Palasozoic,  and  these  rocks  rest  upon  granite,  which  is  found  at 
the  surface  in  only  a  few  places.  Ores  are  found  chiefly  in  the  granite  and  in 
the  slate  formation,  but  also  in  limestones  of  more  recent  age. 

In  the  granite  the  ore  occurs  in  lodes,  and  the  principal  minerals  found  are 
silver-lead,  zinc  blende,  fahlerz,  and  galmei.     The  vein-stuff  is  mostly  quartz. 

The  limestone  ore-deposits  consist  of  lead  and  zinc  ores,  and  cccur  as  stock werks 
or  as  contact-deposits  between  slate  and  limestone.  In  the  granite  district  the 
most  important  mine  is  the  Monte  Vecchio,  situated  on  the  vein  of  that  name, 
which  is  a  contact -deposit  between  slate  and  granite.  The  principal  minerals  won 
are  galena,  zinc  blende,  siderite,  and  copper  pyrites.  Of  the  limestone  mines  the 
chief  is  the  Mouteponi  mine,  situated  close  to  the  town  of  Iglesias.  In  1889 — 6,000 
tons  of  lead  ore  were  raised  from  this  mine ;  it  formerly  belonged  to  the  Italian 
Government  who  sold  it  to  the  present  company  in  1880.  One  of  the  conditions 
of  sale  was  that  an  adit  should  be  driven  to  drain  the  mines  of  the  district.  This 
adit,  which  commences  9  feet  above  sea-level,  is  now  about  17,000  yards  (15,786 
metres)  long.  The  ores  are  brought  down  to  the  coast  by  a  railway  9  miles  (15 
kilometres)  in  length. 

At  the  Monteponi  mine  the  zinc  ores,  which  contain  on  an  average  35  per  cent. 
of  zinc,  are  roasted  in  a  reverberatory  furnace,  and  in  an  Oxland  calciner.  Cardiff 
coal  is  used.  The  reverberatory  furnace  treats  20  tons  of  ore  in  24  hours,  using 
15-11  per  cent,  of  coal.  The  ore  loses  in  roasting  23  per  cent,  in  weight.  The 
Oxland  furnace  roasts  12  tons  of  ore  in  24  hours,  using  12-41  per  cent,  of  coal.  The 
ore  loses  21  per  cent,  in  weight.  The  reverberatory  requires  five  men  to  attend  to  it. 
and  the  working  expenses  per  ton  of  zinc  ore  amount  to  4-20  lire  (3s.)  The  Oxland 
calcining  kiln  is  worked  by  two  men,  and  1  ton  of  roasted  ore  costs  5-40  lire  (4s.  3d.) 
The  paper  also  contains  particulars  of  the  methods  of  mining.  W.  F.  W. 
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ORE-MINING  IN  SERVIA. 

Der  Erzberghau  in  Serbien.  By  F.  B.  Pfeiffee.  Berg-vtid  Huettenmcennische 
Zeitung,  1892,  vol.  li.,  pages  2-5. 

The  mineral  resources  of  Servia,  though  as  yet  only  partially  developed,  are  very 
great,  metallic  ores  of  considerable  variety  occurring  in  various  geological  formations 
and  in  nearly  all  the  high  lands  of  the  country.  According  to  position  they  belong 
chiefly  to  the  five  principal  districts  of  Kopaonik,  Schumadija,  Drina,  Kucevo,  and 
Zaplanina.  So  far  as  is  known  the  Romans  were  the  first  to  open  mines  in  the 
country,  and  they  were  followed  during  the  period  of  national  independence  by  the 
Servians  themselves.  At  present  operations  are  conducted  on  a  reduced  scale  in 
some  only  of  the  above-mentioned  districts. 

Gold  is  found  in  combination  with  various  ores  and  in  the  sands  of  several  rivers, 
and  the  ores  of  arsenic,  antimony,  bismuth,  copper,  iron,  lead,  manganese,  silver,  and 
of  nickel  and  cobalt  in  small  quantities  are  known  to  occur.  Quicksilver  is  found 
in  the  district  of  Rudnik  and  in  the  Avala  mountains.  Silver  occurs  in  the  greatest 
quantities  and  in  combination  with  lead  forms  the  backbone  of  the  mineral 
wealth  in  all  the  districts,  the  other  metals  occurring  here  and  there  in  larger  or 
smaller  detached  ore-deposits.  After  lead  and  silver,  as  regards  quantity,  come 
copper,  antimony,  and  iron. 

The  Kopaonik  mountains  run  from  north  to  south  for  about  30  miles  in  the 
south  of  Servia  near  the  Bosno-Turkish  boundary.  Now  covered  with  woods  and 
thinly  inhabited,  they  are  rich  in  ruins  of  towns,  villages,  and  foundries.  Heaps 
of  slag  and  ore  abound,  and  it  is  known  that  during  the  middle  ages  miners  from 
Saxony  and  from  Ragusa  frequented  the  district  in  considerable  numbers.  The 
Turkish  conquest  put  an  end  to  the  mining  industry,  and  although  probably  far 
from  exhausted,  the  district  is  now  the  one  least  worked  and  least  known.  It  is 
known  to  contain  iron,  lead,  silver,  and  gold. 

The  Schumadija  district  comprises  the  Rudnik  mountains  and  their  spurs.  Its 
history  corresponded  with  that  of  the  Kopaonik  district  up  to  the  date  of  the 
Turkish  conquest,  after  which  the  Turks  and  subsequently  the  Austrians  carried  on 
mining  work,  chiefly  in  lead  and  silver.  In  the  Avala  mountains  belonging  to  the 
Rudnik  range  slag  from  old  workings  is  found,  computed  at  about  half  a  million  tons. 
The  chief  veins  run  from  Rudnik  northwards,  silver-lead  ore  being  the  most 
plentiful.  Copper  and  gold  occur  in  small  quantities,  though  not  very  pure,  while 
in  the  Vencac  mountains  pure  iron  ore  occui-s  in  large  quantities  along  with  the 
silver-lead  ore.  In  the  Avala  range  quicksilver  is  found,  and  there  is  a  vein  of 
iron  ore  reaching  to  the  neighbourhood  of  Belgrade.  Silver  occurs  in  all  the  ores  of 
this  district,  hitherto  proved,  in  large  quantities.  As  yet  no  lead  ore  has  been  found 
to  contain  less  than  0*2  per  cent.  (65  ounces  per  ton)  of  silver,  and  some  ores  have 
yielded  as  much  as  0"5  per  cent.  (163  ounces  per  ton).  It  has  been  estimated  that 
the  slag-heaps  from  old  workings  lying  between  Paryan  and  Guberevac  contain  56 
per  cent,  of  lead  and  0-0037  per  cent,  of  silver  weighing  28,000  tons  and  37  tons 
respectively  and  worth  over  £1,000,000. 

The  Drina  district  is  also  rich  in  ores.  From  Loznica  on  the  Drina  to  the  Tara 
mountains  and  from  Lesnica  to  Suvobor  mn  veins  of  silver,  lead,  and  gold,  accom- 
panied in  places  by  iron,  arsenic,  zinc,  and  copper  ores.  From  Borina  to  the 
neighbourhood  of  Valjevo  runs  a  thick  and  rich  vein  of  antimony  which  in  several 
places  crops  out  at  the  surface.  This  is  accompanied  on  the  left  by  zinc,  lead,  and 
silver,  and  on  the  right  by  copper,  the  latter  vein  reaching  its  greatest  thickness 
near  Valjevo  where  it  comes  to  the  surface.  The  silver-lead  ores  of  this  district 
contain  from  0-25  per  cent.  (82  ounces  per  ton)  to  0-55  per  cent.  (180  ounces  per 
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ton)  of  silver.  The  antimony  was  not  worked  in  earlier  times.  Zinc  occurs  in  large 
irregular  blocks  containing  from  8  to  50  per  cent,  of  pure  metal  near  the  village  of 
Vasic.  The  whole  Drina  district  is  traversed  by  paths,  now  overgrown,  and  the 
numerous  old  cemeteries  bear  testimony  to  the  large  population  that  once  inhabited 
it.  The  two  best  known  ancient  mining  centres  of  the  district  were  Zajeca  and 
Ki-upanj,  the  latter  place  being  at  one  time  the  centre  of  the  iron  industry  of  all 
Servia. 

The  ore  district  of  Kucevo  comprises  the  moirntains  in  Eastern  Servia  which 
form  a  continuation  of  the  Siebenburg  and  South  Hungarian  Carpathian  mountains, 
through  which  the  Danube  has  broken  the  passage  of  the  Iron  Gate.  The  same 
formations  occur  on  both  sides  of  the  river.  The  principal  mines  now  at  work  are  the 
Kucajna  and  Majdanpek.  The  Kucajna  numbers  lead,  silver,  and  gold  among  its 
ores,  the  Majdanpek  lead,  iron,  copper,  silver,  and  gold.  The  Kucajna  ores  are 
the  richest  in  gold  and  silver  in  all  Servia,  containing,  as  they  do,  0-07  per  cent.  (22 
ounces  per  ton)  of  gold  and  0-75  per  cent.  (245  ounces  per  ton)  of  silver.  This 
district  was  also  worked  by  the  Romans,  as  by  later  masters  of  the  country  in 
succession. 

The  Zaplanina  district  contains  the  mountains  between  the  Nisava  and  the 
Binacka-Moruva.  Its  mineralogical  features  are  now  little  known,  but  there  are 
many  traces  of  the  existence  in  earlier  times  of  a  busy  mining  industry.  Veins 
containing  iron,  copper,  and  silver  crop  out  in  various  places,  and  gold  occurs  in 
the  rivers.  The  river-beds  were  searched  for  gold  in  olden  times  ;  and  even  now, 
gipsies  do  a  little  gold-washing,  although  it  is  forbidden  by  law. 

A.  R.  L.  and  W.  F.  W. 


MINING  AND  METALLURGY  IN  CHILI. 

Le  Chili   Minier,  Metallxtrgique,  Industrie!.    By  Ch.  Vattiee.     Memoires  de 
la  Societe  des  Ingenieiirs  Civils,  1892,  vol,  il,2)ages  37-140,  and  plate  LXVII. 

The  raw  nitrate  earth  as  extracted  in  the  Tarapacd  and  Taltal  districts,  varies  in 
contents  from  20  to  40  per  cent,  of  pure  nitrate.  The  average  cost  of  extraction  is 
about  25s.  per  ton  (70  centavos  per  quintal  of  100  lbs.)  With  raw  nitrate  of  50  per 
cent.  1  quintal  of  coal  is  required  to  produce  12  of  pure  nitrate.  The  cost  for  rail 
carriage  (66  miles)  is  13s.  per  ton  (37  centavos  per  quintal). 

Gold  is  found  both  in  alluvials  and  lodes.  Among  the  latter  are  cited  those  of 
Guanaco  in  Taltal,  where  the  veinstone  consists  of  quartz  and  barytes,  often  crystal- 
line and  transparent,  with  spangles  of  gold.  In  the  province  of  Coquimbo  many 
lodes  are  worked,  the  yield  rarely  exceeding  11-14  dwts.  per  ton. 

The  principal  silver-mines  worked  are  sitiiated  in  the  north,  especially  in  the 
provinces  of  Antofagasta  and  Atacama.  Those  of  Copiapo,  which  produced  largely 
some  forty  years  since,  are  now  mostly  worked  out.  In  the  province  of  Santiago  are 
situated  the  well-known  mines  of  Las  Condes. 

The  copper-mines  of  northern  and  central  Chili  constituted  for  a  long  time  the 
principal  mineral  riches  of  the  country.  The  production  nearly  forty  years  ago  was 
one-third  of  that  of  the  whole  world,  whereas  it  is  now  less  than  one-fifteenth.  At 
first  only  the  oxidized  ores  were  worked,  the  sulphides  being  rejected;  during  the 
last  half  century,  however,  the  sulphide  ores  having  given  the  bulk  of  the  oiitput. 
The  principal  centre  of  production  is  the  province  of  Coquimbo, 

Chili  is  exceptionally  rich  in  deposits  of  iron  ore  of  high  quality,  often  situated 
under  conditions  very  favourable  for  working  and  transport  ;  they  are  especially 
abundant  in  the  provinces  of  Atacama  and  Coquimbo.     As  yet  they  have  only  been 
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worked  to  a  comparatively  small  extent  for  fluxes  for  smelting  other  ores.  The 
average  contents  in  metallic  iron  are  given  as  66"05  per  cent.  Very  little  attention 
has  been  given  to  iron  in  the  south,  but  deposits  are  known  to  exist  in  the  vicinity 
of  Coronel  and  Valdivia. 

The  most  important  manganese  deposits  are  situated  in  the  neighbourhood  of 
Carrizal  Bajo  and  Coquimbo.  A  typical  sample  contains  peroxide  of  manganese 
56  per  cent.,  protoxide  24  per  cent.,  silica  5  per  cent.,  carbonate  of  lime  9  per  cent,, 
peroxide  of  iron  0'60  per  cent.,  and  phosphorus  0'03  per  cent.  As  a  rule,  both  the 
quality  and  percentage  of  the  ore  deteriorate  at  a  small  depth,  and  in  some  cases  it 
disappears  altogether  at  a  depth  of  14  or  15  yards. 

The  great  bulk  of  the  copper  ore  is  treated  by  smelting,  either  in  reverberatory 
furnaces  ox  fours  a  manche.  Wood  is  used  for  smelting  only  in  Coquimbo  and  a  few 
of  the  departments  in  the  centre.  The  cost  in  Coquimbo,  delivered  to  the  furnace, 
is  about  5s.  to  6s.  (3  to  4  pesos)  per  ton.  At  Maitenes  in  Santiago,  the  dry  wood 
used  for  cupellation,  etc.,  costs  as  much  as  21s.  to  22s.  (13  to  14  pesos)  per  ton.  In 
the  south  excellent  wood  can  be  procured  at  less  than  3s.  (2  pesos)  per  ton.  Char- 
coal has  not  been  used  hitherto  for  smelting,  but  an  excellent  product  could  be  made 
in  the  south  and  delivered  at  16s.  (10  pesos)  per  ton. 

The  Chilian  lignites  are  produced  mainly  near  Concepcion  :  other  deposits  exist 
farther  south,  but  have  not  yet  been  worked.  The  present  production  is  600,000 
tons  per  annum,  and  is  rapidly  increasing  :  the  price  per  ton  is  now  about  16s.  to 
19s.  (10  to  12  pesos)  or  more,  delivered  at  the  northern  ports.  The  beds  are  near 
the  coast,  and  vary  in  thickness  from  2  to  5  feet.  They  are  often  worked  for  con- 
siderable distances  under  the  sea  :  gas  is  sometimes  developed,  but  accidents  are  rare. 
The  following  are  analyses  of  lignite  from  Lota :  — 

Water 5-0         ...  4-8 

Volatile  matter  40-2         ...         40-8 

Fixed  carbon 53-2         ...         48-2 

Clay  and^ferruginous  ash     1'6        ...  6*2 

100-0  100-0 

Calorific  power  as  compared  with  pure  carbon,  75-5  and  71-3.  Foreign  coal, 
being  brought  as  return  freight  at  low  rates,  costs  only  3s.  to  5s.  (2  to  3  pesos)  more 
per  ton  than  this  lignite.  The  foreign  coke  used  for  smelting  costs  from  46s.  to  o2s. 
(29  to  33  pesos)  per  ton,  and  anthracite  from  27s.  to  33s.  (17  to  21  pesos)  per  ton 
delivered. 

Silver  ores  are  in  Chili  treated  either  by  amalgamation  or  by  smelting  in  low 
blast-furnaces.  The  former  is  now  performed  by  a  method  known  as  the  Kronke 
process,  the  old  patio  process  having  long  been  abandoned.  This  process  appears  to 
consist  of  the  addition  of  chemicals,  notably  salt  and  sub-chloride  of  copper,  during 
amalgamation. 

The  small  amount  of  lead  in  the  ores,  and  their  siliceous  nature,  necessitate  many 
special  features  in  the  smelting  process  adopted,  which  is  described  in  great  detail. 
In  the  smelting  mixture  a  great  deal  of  slag  and  fluxes  are  necessary,  generally 
nearly  half  the  total  charge  exclusive  of  coke ;  the  coke  consumed  is  25  per  cent,  or 
more  of  the  actual  ore  smelted.  The  ore  must  be  in  lumps :  fines  or  dust  must  be 
made  into  briquettes,  and  even  then  used  sparingly.  The  average  quantity  smelted 
will  be,  with  ordinary  ores,  10  to  12  tons  per  day.  The  product  is  a  copper-lead 
matte,  containing  generally  about  30  to  35  per  cent,  of  copper,  16  to  18  per  cent,  of 
lead,  and  O'l  to  0-3  per  cent,  of  silver.  Some  argentiferous  lead  is  produced  at  the 
same  time ;  which,  after  re-smelting,  contains  90  to  92  per  cent,  of  lead,  with  0-8  to 
1  per  cent,  of  silver. 
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The  average  assay  of  copper  ores,  as  sold  to  the  smelting- works,  is  about  12  to  14 
per  cent.,  but  in  special  cases  it  is  much  higher  or  lower.  In  some  parts  of  Chili,  in 
the  centre  and  south  especially,  there  are  many  small  reverberatory  furnaces  worked 
by  the  landed  proprietors,  using  wood  as  fuel,  and  producing  a  50  per  cent,  matte  at 
one  operation.  This  is  broken  and  roasted  in  heaps,  and  when  sufficient  is  collected  it 
is  re-smelted  to  bar  copper  in  the  same  or  a  similar  furnace.  These  furnaces  smelt 
3  or  4  tons  per  24  hours,  using  10  tons  of  wood  costing  3s  to  5s.  (2  to  3  pesos)  per 
ton :  and,  in  consequence  of  the  growing  scarcity  of  wood,  they  tend  to  disappear. 

The  greater  part  of  the  Chilian  copper  is  however  smelted  in  reverberatory  fur- 
naces with  foreign  (English  or  Australian)  coal  or  native  lignite,  by  the  ordinary 
Welsh  process,  producing  50  per  cent,  matte.  This  is  broken,  crushed,  roasted,  and 
re-smelted  with  oxide  ores  and  slags,  yielding  some  copper  bars  and  some  white 
matte  of  70  to  72  per  cent.  The  latter  is  re-roasted,  made  into  rosette  copper  and 
refined.     The  50  per  cent,  matte  is,  at  Lota,  Bessemerized  direct. 

In  these  reverberatory  furnaces  about  1  ton  of  coal  is  necessary  to  smelt  2  or  3  of 
ore ;  and  the  slags  from  the  first  fusion  assay  0*75  per  cent,  on  the  average.  Many 
of  these  works  are  situated  in  the  province  of  Coquimbo,  where  the  Guayacan  works 
have  produced  as  much  as  1,000  tons  of  copper  per  month.  Still  more  are  found 
farther  south  in  the  coal  region,  where  the  ores  are  mainly  imported  from  the  north. 
The  Lota  works  have  produced  up  to  12,000  tons  per  annum  of  copper  bars. 

A  good  deal  of  ore,  especially  away  from  the  coast,  is  smelted  with  coke  or  anthra- 
cite, in  low  blast-furnaces  (_fours  a  vianche')  much  resembling  those  used  for  silver 
ores.  The  method  of  smelting  at  the  Maitenes  works,  province  of  Santiago,  is 
described.  The  ore  averages  18  to  25  per  cent.;  it  is  a  double  sulphide  of  copper 
and  iron,  and  the  gangue  is  quartzose.  It  is  screened,  and  the  coarse  portion  roasted 
in  heaps  of  200  to  300  tons.  The  fines  are  made  into  briquettes  and  roasted,  but 
this  operation  at  present  is  difficult.  The  coke  used  is  13  per  cent,  of  the  ore  weight. 
Each  furnace  smelts  from  20  to  25  tons  of  ore  (besides  fluxes,  etc.)  per  24  hours. 
The  slag  assays  under  ^  per  cent.,  and  the  resulting  matte  about  50  per  cent. ;  it  is  led 
directly  into  a  converter,  where  it  is  transformed  into  copper  bars.  Each  converter 
produces  4  to  5  tons  of  copper  per  24  hours. 

At  the  works  of  the  Panulcillo  Company  308  tons  per  month  are  produced  of 
50  per  cent,  matte,  from  a  very  poor  ore  with  a  garnet-rock  gangue. 

The  author  strongly  advocates  the  creation  in  Chili  of  a  steel-making  industry, 
for  which  he  says  every  facility  exists,  either  by  using  coke  made  from  the  lignite 
(if  the  latter  will  admit  of  it)  or  charcoal  from  the  southern  forests. 

G.  E.  C. 

PROGRESS  OF  THE  METALLURGY  OF  NICKEL. 

Les  Progvh  de  la  MetaUurgie  du  JVickel,  etc.    By  D.  Levat.     Annales  des  Mines, 
1892,  series  9,  vol.  i.,  pages  141-226. 

The  only  nickel-ore  deposits  of  known  first-rate  importance  are  those  of  New 
Caledonia  and  Sudbury  in  Canada.  In  New  Caledonia,  nickel  occurs  only  in  the 
form  of  hydrated  maguesian  silicate,  apple-green  in  colour  when  pure,  in  fissures  in 
serpentine ;  and  it  must  clearly  have  been  originally  deposited  in  this  state,  sul- 
phides or  arsenides  being  unknown,  even  in  the  deepest  workings.  The  serpen- 
tine forms  about  half  the  area  of  the  island,  especially  towards  the  south :  the  nickel 
being  always  found  at  or  near  its  junction  with  funnel-shaped  pipes  {vasqucs)  of  red 
clay,  although  never  in  the  clay  itself. 

This  clay  is  formed  by  the  hydrothermal  alteration  of  the  serpentine  ;  numerous 
fissures  in  which,  bearing  north-west  and  south-east,  or  roughly  at  right-angles  to 
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the  general  direction  of  the  island,  have  given  passage  to  metalliferous  springs 
carrying  iron  and  manganese,  which  have  eaten  away  the  serpentine,  and  deposited 
their  dissolved  mitter  in  the  cavities  so  produced.  The  manganese,  always  contain- 
ing cobalt,  is  found  as  beds  in  the  clay ;  and  the  iron  solutions  having  finally 
predominated,  great  masses  of  granular  hydrated  hiematite  have  been  deposited  on 
the  top  of  the  clay.  The  cobalt  is  in  the  form  of  hydrated  oxide,  without  any  trace 
of  sulphur  or  arsenic,  and  the  mineral  extracted  rarely  contains  more  than  2-5  to 
3  per  cent,  of  metallic  cobalt. 

In  the  south  of  the  island  the  serpentine  contains  many  grains  of  chrome  iron, 
which  have  been  re-arranged  in  an  enriched  form  in  the  clay. 

After  the  formation  of  the  clay-pockets,  fissures  and  cavities  have  been  produced 
between  the  clay  and  the  surrounding  serpentine ;  which,  together  with  the  fissures 
and  joints  in  the  serpentine  itself,  have  been  subsequently  filled  with  the  deposits 
from  nickeliferous  solutions,  forming  a  breccia,  which  constitutes  the  nickel  ore. 
The  deposits  are  therefore  either  stockworks,  contact  deposits  between  the  clay  and 
serpentine,  or  the  fillings  of  fissures  in  the  serpentine  near  the  clay  :  these  last  being 
generally  more  concentrated  and  therefore  more  valuable. 

The  stockworks  are  worked  as  open-cuttings  ;  audit  is  very  important  in  commenc- 
ing to  entirely  remove  the  red  clay  without  allowing  it  to  mix  with  the  nickel  ore — 
first,  because  the  grains  of  iron-ore  which  it  contains  cannot  be  separated  easily  by 
washing  from  the  nickel,  and  much  impoverish  the  matte ;  and,  secondly,  because  the 
highly  aluminous  clay  renders  the  mineral,  already  very  siliceous,  still  more  refractory. 
This  mode  of  working  is  very  troublesome  during  the  rainy  season,  particularly  as 
the  labour  supply  is  small. 

The  ore  is  divided  into  two  classes — that  containing  over  8  per  cent,  of  nickel, 
and  poorer  ore.  It  is  then  brought  down  to  the  plains  for  washing,  which  consists 
in  merely  separating  the  red  mud  ;  o\ving  to  the  equal  density  of  the  ore  and  gangue, 
no  further  concentration  is  possible,  and  all  ore  of  3  to  4  per  cent,  and  under  has  to 
be  thrown  away. 

The  mineral  as  extracted  varies  greatly  in  composition,  but  the  following  may  be 
taken  as  extreme  analyses  : — 


Silica          

Per  Cent. 
45 

Per  Cent. 
50 

Iron            

16 

14 

Nickel        

8 

7 

Magnesia 

12 

10 

Alumina     

3 

5 

Water  and  oxygen 

16 

14 

100         ...       100 
This  composition  necessitates  an  addition  of  25  to  30  per  cent,  of  bases,  and  more 
or  less  sulphides,  the  smelting  mixture  being  made  up  as  follows : — 

Cwts. 
Ore  20-0 

Coal         6-0 

Sulphur ...  0-7 

Fine  coke  ...         ...         1*5 

The  high  cost  of  coke,  and  the  want  of  experienced  labour  for  smelting,  has 
caused  the  concentration  of  the  ore  to  a  matte  on  the  spot  to  be  temporarily 
suspended.  It  is  now  principally  treated  in  England  in  small  water-jacket  furnaces 
running  through  25  to  30  tons  of  ore-mixture  per  24  hours,  soda-ash  being  used  as  a 
flux.  The  coke  used  is  over  30  per  cent,  by  weight  of  the  ore,  and  the  resulting 
matte  averages  50  to  55  per  cent,  of  nickel,  25  to  30  per  cent,  of  iron,  and  16  to  18  per 
cent,  of  sulphur. 
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At  Sudbury,  in  Ontario,  Canada,  nickel  is  found  in  association  with  magnetic 
iron  pyrites,  accompanied  by  chalcopyrite — the  mines  having  been  first  worked  for 
copper  only.  The  mineral  occurs  in  large  lenticular  masses,  interstratified  with 
gneiss  of  the  primitive  formation  of  North  America — here  over  3,000  feet  thick. 
The  beds  have  been  greatly  contorted,  lying  at  steep  angles  up  to  70  degs.,  with  a 
general  strike  of  north-east  and  south-west :  and  they  are  frequently  penetrated  by 
dykes  of  diorite,  the  deposits  of  magnetic  pjTites  occurring  at  or  near  the  contact, 
sometimes  even  in  the  diorite  itself — which  forms,  moreover,  the  gangue  of  the  ore. 

The  average  assay  of  the  ore  rarely  exceeds  3  to  4  per  cent,  of  nickel,  and  about 
the  same  of  copper,  but  it  appears  to  become  enriched  in  depth.  The  foUomng  is 
an  average  analysis  of  the  ore  picked  out  for  copper  : — 


Sulphur             

26-72 

Copper  

12-61 

Iron       

29-22 

Nickel 

3-12 

Protoxide  of  iron 

6-22 

Lime      

4-84 

Magnesia 

2-61 

Alumina           

2-63 

Silica 

13-06 

101-03 

According  to  Messrs.  Peters  and  Gamier,  the  deposits  may  be  divided  into  two 
classes: — (a)  Those  such  as  the  Stobie  and  Leighton  mines,  composed  of  almost 
pure  massive  magnetic  pyrites  containing  little  copper  or  nickel,  but  which  after 
roasting  form  a  good  flux  for  the  richer  ores.  These  deposits  are  worked  by  open- 
cutting.  (5)  The  deposits  of  more  elongated  lenticular  form,  worked  by  means  of 
shafts  following  the  dip.  On  an  average  the  ores  from  these  deposits  (Copper  ClifE 
mine,  Evans  mine.  Blizzard  mine,  etc.)  contain  3  to  5  per  cent,  of  nickel  and  as  much 
copper.  All  these  ores  are  trammed  direct  to  the  roasting-floors,  the  cost  delivered 
being  about  8s.  (10  francs)  per  ton,  with  about  50  per  cent,  of  ore  of  the  first  class. 
The  roasting  is  done  in  heaps,  costing  about  2s.  6d.  (3  francs)  per  ton  ;  a  heap  of  500 
or  600  tons  taking  50  or  60  days  to  roast.  The  roasted  ore  is  smelted  in  large  water- 
jacket  furnaces,  with  a  coke  consumption  of  12|^  per  cent,  of  the  weight  of  ore ;  the 
matte  produced  being  about  12  per  cent,  of  the  charge,  and  the  slags  assaying  0-45 
per  cent,  of  nickel  and  0-40  per  cent,  of  copper.  Originally  the  matte  was  considerably 
richer  in  copper  than  in  nickel,  which  greatly  lessened  its  value :  in  1889  the  matte 
of  the  Canadian  Copper  Company  ran  26-9  per  cent,  of  copper  and  14-1  per  cent,  of 
nickel;  but  in  February  1891  this  had  been  reduced  to  16-9  per  cent  of  copper 
against  21-5  per  cent,  of  nickel.  The  matte  produced  by  the  Dominion  Mineral 
Company,  M'ho  are  able  to  mix  their  ore  with  purely  nickeliferous  mineral  from 
other  mines,  averages  18  to  20  per  cent,  of  copper  to  24  to  26  per  cent,  of  nickel. 

Coke  costs  about  £1  8s.  (35  francs)  per  ton  delivered  at  the  furnaces ;  and  the 
average  cost  of  smelting  in  the  large  water-jackets  of  120  tons  per  24  hours'  capacity, 
may  be  taken  at  6s.  to  7s.  (8  to  9  francs)  per  ton. 

The  paper  includes  a  very  complete  account  of  the  metallurgy  of  nickel ;  but  the 
author  merely  refers  to  the  considerable  nickel-deposits  of  Norway,  which  occur 
under  very  similar  conditions  to  those  of  Canada,  and  which  have  been  largely 
worked  during  the  last  twenty-five  years.  G.  E.  C. 
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THE  PRODUCTION   OF  NICKEL. 

Om  verdens  iii'k'kelprodu'kthn  og  om  TionMirranee-hetin-gelserne  mellem  de  norslte  og 
de  udenlandslie  ni'k'keJforelwmxter.  By  J.  H.  L.  YOGT.  Geolog ixha  Foreniiigeng, 
Forhandlingar,  Stockholm,  1892,  toI.  xiv.,  pages  433-475. 

The  Sudbury  (Canada)  deposits  of  nickeliferous  pyrites  are — as  is  also  the  case 
in  Norway — situated  in  gabbro,  and  are  often  concentrated  at  its  contact  with  other 
rocks ;  they  are  mineralogically  and  geologically  similar  to  the  Norwegian  deposits. 
As  in  other  cases,  the  nickel  carries  with  it  a  little  cobalt,  generally  about  one  part 
cobalt  to  five  to  ten  nickel.  The  accompanying  copper  is  also  considerably  more 
than  in  Norway  and  Sweden. 

Nickel  ores  are  of  three  kinds  : — 

Arsenides. — Found  chiefly  in  lodes,  and  which  up  to  the  middle  of  the  century 
formed  the  chief  source  of  supply,  from  Germany  and  Austria-Hungary. 

SuIpJtides. — As  found  in  Canada,  Norway,  etc. 

Silicates. — As  worked  in  New  Caledonia,  etc. ;  and  deposited  by  lateral  secretion 
from  serpentine  containing  a  little  nickel.  In  New  Caledonia  the  garnierite  occurs 
intimately  associated  with  asbolite,  and  seems  to  have  been  derived  from  the  same 
solutions  ;  the  latter  being  deposited  first,  probably  because  its  component  elements 
were  easier  to  oxidize. 

The  author  gives  a  table  showing  the  world's  produ  ction  for  the  last  half -century  : 
rising  from  100  to  250  tons  yearly  in  1840  to  1860,  to  6  W  to  700  tons  in  1870  to  1880, 
and  1,250  to  1,500  tons  in  188S  and  1889.  He  estimates  the  production  of  1890  at 
about  2,000  tons,  and  that  of  1891  and  1892  still  higher;  but  considers  the  figures 
given  by  Mr.  Levat*  to  be  excessive. 

Details  and  tables  are  given  of  the  output  in  the  various  producing  countries, 
especially  as  to  Norway,  Germany,  and  New  Caledonia. 

He  states  the  average  contents  of  the  Norwegian  nickeliferoiis  pyrites  as  3  to  4^ 
per  cent,  of  clean  mineral.  Of  course  the  smelting-ore  is  much  poorer,  having 
averaged  up  to  1880  only  about  1  per  cent.,  and  has  since  varied  from  1-4  to  2-3  per 
cent.  The  garnierite  mixture  of  New  Caledonia  averages  of  late  years  from  6  to  8 
per  cent. 

There  are  also  tables  giving  the  fluctuations  in  price  from  1867,  when  it  was 
worth  8-10  kroner  (say  9s.)  per  kilogramme,  to  the  present  value  (at  the  date  of  the 
paper)  of  3-50  to  4  kroner  (say  4s.  5d.).  Between  1873  and  1875  the  price  rose  to 
20  and  24  kroner  (£1  Is.  to  £1  6s.  8d.).  The  rise  which  then  reached  its  apex  was 
owing  to  the  demand  for  coinage  purposes ;  the  subsequent  rapid  fall  being  caused 
by  the  working  of  the  New  Caledonia  deposits. 

According  to  Mr.  du  Peloux  the  cost  of  production  per  kilogramme  in  New 
Caledonia  of  metallic  nickel  was  (1880)  os.  to  6s.  (6  to  7  francs),  which  could  be 
reduced  to  3s.  or  4s.  (4  to  5  francs).  The  author  asserts  that  the  cost  in  the  best 
Norwegian  works  is  1-50  to  2  kroner  (Is.  8d.  to  2s.  3d.),  including  all  costs  for 
bringing  up  to  a  50  per  cent,  matte ;  and  gives  Mr.  Levat's  authority  for  an  estimate 
of  the  cost  at  Sudbury  (Canada)  as  2  francs  per  kilogramme  in  a  20  per  cent,  matte 
(not  charging  any  of  the  cost  to  the  copper  contained  in  it).  At  this  rate  the  costs 
of  production  would  be  nearly  equal,  the  higher  grade  of  the  Canadian  ore  being 
counterbalanced  by  the  higher  prices  for  labour  and  materials.  G.  E.  C. 

*  Annales  des  Mines,  1892,  vol.  i.,  page  141. 
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NICKEL  MINES  OF  NEW  CALEDONIA. 

Etude  sur  les  3fines  de  Nickel  de  la  Nouvelle-CaUdonie.  By  Felix  Benoit. 
Bulletin  de  la  Societe  de  Vlmlustrie  Minerale,  1892,  series  3,  vol.  vi.,  pages 
753-804. 

An  historical  account  is  given  of  the  discovery  of  nickel  in  New  Caledonia  by 
Mr.  Jules  Gamier,  and  of  the  subsequent  development  of  the  industry. 

The  deposits  are  found  in  the  serpentine  formation  which  constitutes  the  greater 
part  of  the  south  of  the  island.  The  mountain  crests  of  this  formation,  on  which 
they  occur,  run  about  north-west  and  south-east,  or  in  the  direction  of  the  length  of 
the  island ;  their  sides  are  covered  by  sheets  of  red  clay  surmounted  by  masses  of 
iron  ore. 

The  deposits  consist  entirely  of  hydrated  magnesian  silicate  (garnierite),  varying 
in  colour  from  green  to  chocolate,  soft  and  often  unctuous  to  the  touch.  The  com- 
position is  extremely  variable,  but  the  average  is  stated  as  follows : — 

Per  Cent. 

Nickel  7 

Magnesia       ...         ...         ...         ...         26 

Iron 12 

Silica 45 

Water 10 

The  serpentine  itself  nearly  always  contains  traces  of  nickel,  said  to  vary  from 
1  to  5  per  cent. 

The  nickel  ore  is  always  enclosed  in  serpentine,  at  or  near  its  contact  with  the 
red  clay.  It  occurs  generally  in  very  irregular  fissures,  often  forming  a  kind  of 
stockwork ;  but  sometimes  in  definite  almost  vertical  veins,  or  in  masses.  Many 
of  the  deposits  are  worked  in  the  open.     There  is  no  gangue,  as  a  rule. 

The  deposits  are  situated  along  definite  line's  of  enrichment,  starting  from  the 
east  coast  and  running  in  a  south-west  direction ;  and  at  present  only  those  near 
the  coast  are  worked.  The  nickeliferous  veins  as  a  rule  diminish  in  size  in  depth, 
but  to  this  there  are  exceptions. 

There  is  nothing  worthy  of  note  in  the  methods  of  working,  either  by  levels  or 
open  cut.  The  mines  are  generally  situated  at  a  considerable  elevation,  averaging 
1,500  feet,  and  the  ore  is  transported  from  the  principal  mines,  by  inclined  planes 
or  aerial  tramways. 

The  labour  employed  consists  of  the  three  following  classes  : — 

(1)  English  miners,  paid  6  to  9  francs  (5s.  to  7s.)  per  day. 

(2)  Kanakas,  receiving  20  francs  (IGs.)  per  month,  with  keep, 

(3)  Convicts  and  other  prisoners  hired  from  the  State. 

The  author  strongly  advocates  the  importation  of  free  miners  from  France. 

The  cost  of  mining  varies  from  15  to  40  francs  (12s.  to  32s.),  and  that  of  carriage 
to  port  from  0-50  to  10  francs  (od.  to  8s.)  per  ton.  The  value  at  port  of  shipment  for 
ore  of  7i  to  U  per  cent,  nickel  is  105  francs  (£4  3s.  4d.),  and  ore  of  9|  to  10^  per 
cent.,  125  francs  (£4  19s.)  per  ton ;  the  assays  being  calculated  on  the  ore  when 
desiccated.     The  freight  to  Europe  is  from  40  to  50  francs  (£1  12s.  to  £1  19s.  6d.). 

Thio  District.— The  author  next  proceeds  to  describe  the  mines  at  work  in  great 
detail,  commencing  with  those  belonging  to  the  French  Company  Le  Nickel.  This 
Company  works  eleven  mines  situated  in  the  Thio  district,  which  he  divides  into 
three  groups;  all  are  worked  as  open  cuts,  and  they  together  employ  1,500  hands. 

The  first  or  Plateau  group  compiises  five  mines,  together  producing  2,500  tons 
monthly  of  ore  averaging  7  per  cent.,  a  production  which  it  is  stated  might  at  once 
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be  raised  to  4,000  tons  per  month  if  sufficient  labour  were  available.  One  mine  is 
worked  to  a  depth  of  300  feet.  The  whole  mountain  in  which  they  are  situated 
is  said  to  be  probably  a  stockwork. 

The  Pauline  group  comprises  two  mines,  both  of  stockwork  type,  producing 
together  500  tons  monthly  of  5  to  6^  per  cent.  The  Pauline  mine  is  situated  in 
greenish  serpentine  of  porphyritic  appearance,  the  alteration  of  which  shows  a 
definite  line  up  to  which  the  nickel-bearing  solutions  reached. 

In  the  third  or  Stilling  group  the  ore  is  friable,  varying  in  colour  from  yellow  to 
brick-red,  so  that  it  is  difficult  to  distinguish  it  from  the  clay  previously  mentioned. 
The  production  of  this  group  is  300  tons  per  month,  averaging  7  per  cent,  nickel. 

Nahety  District. — The  Bienvenae  mine  is  worked  on  a  well-defined  vein  running 
north-west  and  south-east,  and  dipping  regularly  80  degs.  to  the  west,  the  workable 
thickness  of  which  varies  from  10  iqches  to  2^  feet.  Both  walls  (serpentine)  are 
well-defined,  with  slickensides.  The  nickelif  erous  filling  varies  in  colour  from  green 
to  chocolate-yellow,  and  black  at  the  lowest  level.  This  mine  produces  300  tons  per 
month  of  8  per  cent.  ore. 

The  Barbouill^e  and  Boulangere  mines,  both  worked  as  open  cuts,  produce 
together  200  tons  of  6  per  cent,  ore  per  month. 

Cantila  District. — The  workings  of  the  Boakaine  mine  are  on  a  mass  of  rich 
green  ore  apparently  formed  by  the  union  of  a  number  of  small  veins.  It  produces 
250  tons  per  mouth  of  8^  per  cent,  ore,  and  belongs  to  the  Le  Nickel  Company. 

Couaoiia  District. — The  Doree  mine  is  worked  by  four  levels;  the  ore  being 
quartzose  in  the  upper  level,  and  magnesian  in  the  lower  ones.  It  produces  350  tons 
of  6  per  cent,  ore  per  month,  which  with  additional  labour  could  be  easily  increased. 

The  Caulry  group  are  worked  by  quarries  and  mines  on  deposits,  which  in  depth 
concentrate  from  stockworks  into  definite  east-and-west  lodes,  coinciding  in  strike 
with  the  crest  of  the  mountain  in  which  they  are  situated.  Their  production  is  300 
tons  per  month,  averaging  9  per  cent. 

The  other  principal  districts  are  those  of  Bourail,  Paou^a,  and  Kouiambo.  Tt  is 
estimated  that  the  total  production  for  1892  will  reach  100,000  tons.        G.  E.  C. 


PRODUCTION  OF  NICKEL  IX  THE  UNITED  STATES. 
Mckel.     By  W.  R.  Ingalls.       The  Engineering  and  Mining  Journal  {Yew 
York),  1892,  vol.  liii.,2)ages  40-41. 
Occurrence.— In  the  United  States  there  is  but  one  deposit  of  nickel  which  has 
been  mined  regularly  for  that  metal  alone,  it  being  located  at  Lancaster  Gap,  Penna. 
The  lead  ores  of  South-eastern  Missouri  carry  a  small  amount  of  nickel,  in  conjunc- 
tion with  cobalt,  both  of  which  are  recovered  as  bye-products. 

Production.— The  following  figures  show  the  production  of  nickel  in  the  United 
States,  together  with  the  imports  into  the  country  and  the  exports  from  it,  for  the 
years  ISUO  and  1891  :— 

Production. 

'         —^ ^^ ^ ■  Value  of  Value  of 

Amount.  Average  Price.  Value.  Imports.  Exports. 

Lbs.  s.     d.  £  £  £ 

1890  ...       200,332       ...       2     8       ...       26,694       ...       77,137       ...       97 

1891  ...       144,841       ...       2     5|     ...       17^816       ...         —  ...       — 

The  exports  of  nickel  from  New  Caledonia  in  1890,  according  to  a  recent 
consular  report,  amounted  to  3,300  lbs.,  and  of  nickel  ore  to  about  5,000  tons, 
which,  averaging  about  8  per  cent,  of  nickel,  was  equivalent  to  about  882,000  lbs. 
of  metallic  nickel,  representing  a  total  export  of  885,300  lbs. 
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The  production  of  nickel  (in  nickel-copper  matte)  in  Canada  in  1890  was 
l,33(i,627  lbs.,  that  being  the  first  year  for  which  statistics  of  the  Sudbury  district 
were  published. 

Methods  of  Kirliel  Winning. — The  nickeliferous  chalcopyrite  and  pyrrhotite  of 
Sudbury,  Ontario,  are  first  roasted  and  then  smelted  in  cupola-furnaces  to  nickel- 
copper  matte,  containing  about  20  per  cent,  of  nickel. 

These  mattes  are  very  refractory,  and  had  not  been  successfully  handled  until 
the  year  1891.  Of  the  large  output  in  the  Sudbury  district  in  1890  but  a  small 
portion  was  shipped.  In  the  latter  part  of  that  year  the  Orford  Copper  Company 
devised  a  successful  method  of  refining  these  mattes,  and  since  then  the  bulk  of  the 
output  of  the  Canadian  mines  has  been  brought  to  the  United  States,  the  Orford 
Copper  Company  now  being  the  largest  nickel  refiner  in  the  world.  By  the  secret 
process  used  by  this  company,  the  copper  and  nickel  in  the  matte  are  separated  and 
the  nickel  converted  into  nickel  oxide,  which  is  said  to  be  more  suitable  for  the 
manufacture  of  nickel-steel  than  metallic  nickel.  A  small  part  of  the  Sudbury 
mattes  is  sent  to  Swansea  to  be  refined. 

There  are  three  nickel-smelting  and  refining  works  in  the  United  States,  viz., 
the  American  Nickel  Works,  at  Camden,  New  Jersey,  the  works  of  the  Orford 
Copper  Company,  at  Constable's  Hook,  New  Jersey,  and  the  works  of  the  Canadian 
Copper  Company,  near  Cleveland,  Ohio,  which  are  not  yet  completed.  The 
American  Nickel  works  use  ore  from  the  Lancaster  Gap  mine,  Canadian  mattes,  and 
ore  from  South-eastern  Missouri.  The  Orford  works  run  exclusively  on  Canadian 
mattes,  whilst  the  Cleveland  works  are  to  use  mattes  from  the  Canadian  Copper 
Company's  mines  at  Sudbury,  Ontario. 

The  Nichel  Marhet. — The  consumption  of  nickel  has  greatly  increased,  the 
increase  being  due  principally  to  the  growing  demand  for  the  metal  for  use  in 
the  manufacture  of  nickel  steel,  the  Creusot  works  (in  France)  alone  having  con- 
tracted for  a  large  part  of  the  product  of  the  Societe  (hi  JYichel,  while  the  United 
States  Government  purchased  the  large  quantity  of  6,500  tons  of  Canadian  matte, 
containing  probably  about  20  per  cent,  of  nickel.  There  has  also  been  an  increased 
demand  from  the  nickel-platers,  the  German-silver  manufacturers,  etc. 

The  United  States  Government  (1891)  made  elaborate  tests  of  nickel-steel  and 
other  kinds  of  armour-plate  at  Indian  Head,  Maryland,  which  resulted  in  a  decisive 
approval  of  the  nickel-steel,  and  it  has  now  been  adopted  as  the  protective  material 
for  the  new  cruisers  and  battle-ships.  J.  W. 


THE  HUANCHACA  MINES,  BOLIVIA. 

JVotes  on  the  Huanchaca  Mine,  Bolivia,  South  America.     By  Robekt  Peele,  Jun. 
School  of  Mines  Quarterly  (^Xeio  Yorh),  vol.  xiv.,jJages  152-155. 

The  mines  are  situated  in  a  group  of  hills  on  the  Central  Bolivian  plateau, 
13,400  feet  above  sea-level,  and  are  connected  with  the  Chilian  port  of  Antofagasta 
by  a  30-inches  gauge  railroad,  395  miles  long.  The  workings  are  on  two  parallel 
and  nearly  vertical  veins,  ciitting  through  a  mountain  which  reaches  an  elevation 
of  li,500  feet. 

The  mines  were  extensively  worked  some  time  ago  to  a  depth  of  several  hundred 
feet,  with  small  success.  During  the  last  fifteen  years,  however,  they  have  produced 
a  value  of  over  £9,000,000.  of  which  about  £8,000,000  has  been  paid  in  dividends. 
Until  recently  they  were  worked  on  Spanish-American  lines,  but  during  the  last 
two  years  a  large  modern  hoisting-and-drilling  plant  has  been  erected. 
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They  are  worked  through  a  tunnel,  which  cuts  the  veins  at  1,500  feet  from  its 
mouth.  This  has  been  extended  through  the  mountain  towards  the  reduction 
works,  4i  miles  away,  the  remaining  distance  consisting  of  a  gravity-road. 

The  lowest  depth  attained  (1891)  was  1,190  feet  below  the  level  of  the  main 
tunnel.  During  1891  5,942,000  ounces  of  silver  were  produced,  yielding  a  net 
profit  of  over  £120,000.  17,193  tons  of  ore,  containing  4,041,000  ounces  silver  were 
exported  to  Europe,  and  13,890  tons,  containing  1,894,800  ounces,  treated  locally. 
The  cost  of  mining,  handling,  and  sorting  is  about  &o  15s.,  and  that  of  milling 
£4  19s.  per  ton. 

The  gangue  is  quartzose,  carrying  iron  and  copper  pyrites,  galena,  blende,  and 
tetrahedrite.  The  latter  carries  most  of  the  silver  ;  it  is  usually  massive,  but  some- 
times beautifully  crystallized. 

The  following  is  an  average  analysis  of  sorted  ores  : — 

Silica 23-00 

Copper         1-89 

Lead 11-30 

Zinc 21-50 

Iron 11-60 

Sulphur        26-00 

Arsenic         ...         ...         ...  0"35 

Antimony     ...         ...         ...         ...         ...  1-80 

Silver  ...         from  120  to  300  ounces  per  ton. 

The  ore  is  pulverized  in  Gruson  (ball)  mills  of  German  make,  each  mill  grinding 
10  to  12  tons  per  24  hours  to  50  mesh,  130  lbs.  being  crushed  per  horse-power  per 
hour. 

The  ore  is  roasted  in  reverberatory  furnaces  with  4  per  cent,  of  salt,  25  lbs.  of 
brushwood  being  required  per  100  lbs.  of  ore.  After  withdrawal  from  the  furnace, 
the  ore  is  spread  out  on  the  cooling-floors  to  prevent  farther  chloriuation. 

The  total  losses  average  : — 

Per  Cent. 

In  transportation  and  grinding 1^  to    2 

In  roasting ...         ...         ...         ...         ...         ...         3     „    5 

In  amalgamation 8     ,,  10 

In  stolen  amalgam  0*1 

In  melting  into  bars         0-6 

The  net  extraction  thus  varies  from  82  to  87  per  cent.,  the  silver  averaging  994 
fine. 

New  reduction-works  are  being  built  near  the  coast,  and  the  low-grade  ore — of 
which  there  is  60,000  to  70,000  tons,  of  75  to  90  ounces  per  ton,  in  the  dump  alone — 
will  in  future  be  treated  there,  395  miles  away  from  the  mine.  G.  E.  C. 


PHOSPHATES  IN  CANADA. 

The  PhosjJhate  Deposits  of  the   Ottawa  District.     By  E.  W.  Ells.      Canadian 
Mining  and  Mechanical  Eevieio,  1893,  vol.  xii.,  pages  39-40. 

The  deposits  are  of  two  kinds,  the  apatite,  occurring  in  Laurentian  rocks,  and 
the  phosphatic  nodules,  found  in  fossiliferous  strata  of  Cambrian  and  Cambro- 
Silurian  age.     The  latter  have  not  been  worked. 


TRANSACTIONS   AND   PERIODICALS.  453 

Apatite  was  first  mined  in  Ontario  iome  thirty  years  ago,  but  up  to  1875  the 
production  averaged  only  about  1,000  tons  per  annum.  From  1878  to  1889  it  was 
but  little  more — the  output  for  these  twelve  years  being  only  16,000  tons.  In 
Quebec,  on  the  other  hand,  where  mining  commenced  in  1871,  a  production  was 
reached  in  1885  of  28,535  tons. 

It  occurs  in  two  ways — either  in  association  with  intrusive  masses  or  dykes  of 
pyroxene,  cutting  through  the  altered  Laurentian  gneisses,  or  as  crystals,  often  of 
large  size,  disseminated  through  limestone.  The  more  economically  important 
deposits  belong  to  the  former  class,  the  apatite  being  nearly  always  found  in  more 
or  less  connected  pockets  near  the  contact  with  the  gneiss. 

The  origin  of  the  deposits  is  brieily  discussed — the  conclusion  being  that  they 
were  formed  by  the  action,  on  the  calcite  of  the  pyroxene  masses,  of  vapours 
charged  with  phosphoi'ic  acid  ascending  along  the  line  of  contact,  and  impregnating 
the  softened  or  heated  mass  in  patches  near  the  contact.  G.  E.  0. 


PHOSPHATES  IN  FLOKIDA,  UNITED  STATES. 

(1)  The   Phosphate   Industry  of  Florida.     By  FLOYD  B.  Wilson.     Engineering 

Magazine  {New  York),  vol.  ic.,2Jages  80-94. 

The  phosphates  of  Florida  may  be  divided  into  four  classes — Peace  river  pebble, 
land  pebble,  hard  rock,  and  mixed  land  pebble  and  plate  rock.  The  Peace  river 
pebble  is  pumped  up  from  the  river-bed,  and,  after  drying,  is  ready  for  shipment. 
It  is  of  about  60  per  cent.,  and  finds  a  ready  market.  The  first  discovery  of  these 
beds  was  made  in  1889,  and  it  is  said  by  some  that  they  are  nearly  worked  out. 

The  land  pebble  is  often  of  very  high  grade,  but  no  great  quantity  has  yet  been 
shipped,  difficulty  being  found  in  washing  out  the  clay  in  which  it  is  embedded. 

The  hard  rock  phosphate  occurs  in  pockets  of  very  varying  size,  there  being 
usually  an  overburden  of  10  or  15  feet  above  the  beds.  To  remove  impurities  it  has 
to  be  crushed,  washed,  and  dried  before  shipment. 

The  mixed  land  pebble  and  plate  rock  is  of  very  high  grade,  averaging  from  77 
to  79  per  cent.,  and  occurs  in  potholes  on  the  jagged  surface  of  waterworn  Eocene 
limestone.  These  potholes  are  filled  with  small  pebble  and  broken  plate,  and  are 
sometimes  as  deep  as  40  feet.  There  is  a  sand  overburden  varying  from  a  few  inches 
up  to  3  feet  in  depth.  The  deposits  extend  only  over  an  area  of  2^  by  1|  miles.  The 
phosphate  is  mixed  with  clay  and  sand,  which  are  washed  out,  and  it  is  then  dried 
— the  whole  process  being  automatic.  G.  E.  C. 

(2)  Suggestions  as  to  the  Origin  and  I)ej)osltlon  of  Florida  PhosjJhates.   By  Walter 

B.  M.  Davidson.     The  Engineering  and  Mining  Journal  {Xew  York),  1891, 
vol.  U.,  pages  628-629. 

The  phosphate  field  in  Florida  includes  nearly  the  entire  western  half  of  the 
peninsula.  The  phosphates  are  divided  by  the  author  into — (a)  hard  rock  or 
boulder  phosphate;  (h)  soft  rock;  (c)  nodular  phosphate;  {d)  river  pebble 
phosphate  ;  (e)  land  pebble  phosphate. 

Until  a  few  years  ago,  when  Mr.  Albertus  Vogt  and  Colonel  John  Dunn  found 
that  there  was  phosphate  in  Florida,  the  whole  peninsula  was  looked  upon  as  a 
coral  reef  covered  with  a  blanket  of  sand. 

Now  the  interest  is  so  universal  and  so  much  capital  is  at  stake  that  the  United 
States  Geological  Survey  have  ordered  a  reconnaissance ;  indeed,  they  are  at  present 
in  the  field,  and  their  results  will  be  looked  forward  to  with  interest. 
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Geologists  here  have  a  hard  task,  for  there  are  practically  no  outcrops,  no 
sections  to  be  studied,  no  synclinals  or  anticlinals  to  be  measured,  and  nearly  the 
whole  peninsula  is  covered  with  a  mantle  of  sand.  Many  artesian  wells  have  been 
sunk,  the  most  valuable  to  geologists  being  that  sunk  at  Lake  Worth,  on  which  Mr. 
N.  H.  Darton,  U.S.  Geological  Survey,  has  published  a  monograph  recently. 

The  author  maintains  positively,  from  his  personal  observations,  that  an  Eocene 
or  Miocene  limestone  underlies  the  greater  part  of  Florida  and,  broadly  speaking, 
the  entire  phosphate  field,  Eeferring  to  the  wave  or  beach  theory,  advanced  by 
Dr.  Wyatt,*  the  author  considers  it  very  ingenious  and  distinctly  scientific,  and 
says  that  while,  no  doubt,  wave  action  came  into  play,  it  does  not  explain  satisfac- 
torily the  rock  phosphate  deposit  in  all  its  vagaries. 

Apparently,  during  the  close  of  the  Cainozoic  period  the  shores  of  the  Gulf  of 
Mexico  were  elevated  by  gradual  upheaval  until  they  formed  shallow  lagoons, 
estuaries,  and  bays.  In  these  shallow,  warm  seas  lived  myriads  of  shell-fish,  many 
secreting  phosphate  as  well  as  carbonate  of  lime,  as  is  shown  by  the  analysis  of  a 
shell  of  Lingula  ovalis,  quoted  by  Dr.  Dana,  as  containing  86  per  cent,  of  phosphate  of 
lime.  Fishes  of  all  kinds  abounded  in  these  waters,  died,  and  their  bones,  while 
mostly  disappearing,  served  to  increase  the  amount  of  phosphate  of  lime  in  the 
limestone. 

Gradually  the  shores  emerged  from  the  seas,  and  while  they  rose  came  the 
glacial  epoch.  The  cold  of  this  epoch  drove  all  living  creatures  which  could  travel 
southward.  The  result  was  that  the  great  mammal  horde  flocked  to  the  swamps 
and  estuaries  of  Florida,  where  they  died. 

During  the  risings  and  sinkings  of  Florida,  the  author  maintains  that  leaching 
by  water  caused  denudation  and  solution  of  the  highly  phosphatic  limestone, 
bicarbonate  of  lime  being  carried  away  in  solution  and  phosphate  both  in  solution 
and  suspension.  In  the  stiller  watei-s  of  the  estuaries,  etc.,  the  phosphate  of  lime  in 
suspension  was  deposited  as  an  alluvial  secondary  deposit.  At  certain  places,  the 
water  in  the  streams  and  rivers,  apparently,  gave  up  the  phosphate  in  solution, 
phosphoric  being  replaced  by  carbonic  acid.  The  result  is  evidently  the  iiTCgidar 
deposits  of  rock,  boulder,  or  high  grade  phosphate  of  Lime, 

The  great  similarity  between  the  appearance  of  the  hsematites  of  Virginia  and 
the  hard  rock  phosphates  of  Florida  was  first  pointed  out  by  Mr,  X.  H.  Darton,  and 
the  identity  is  very  striking. 

The  phosphate  carried  in  suspension,  etc.,  was  deposited  in  the  back  waters  of 
the  rivers  and  in  the  shallow  streams,  forming  the  soft  rock  or  phosphate.  With 
this  were  the  bones  of  the  beasts  mentioned  above.  ''  Then,  in  some  not  understood 
way,  segregation  and  accretion  took  place,  the  richer  phosphatic  nodules  attracting 
to  themselves  the  phosphate  within  the  radius  of  their  attraction,  and  thus  was 
fonned  the  '  nodular  '  phosphate  rock,  which  consists  of  rich  concretionary  nodules 
in  a  poorer  calcareous  matrix  mixed  with  bones  and  teeth.  There  is  no  dispute  as 
to  the  immediate  origin  of  the  pebble  phosphate,  river  and  land.  The  nodules  and 
the  bones,  mostly  rounded  by  attrition,  were  washed  down  by  the  rivers  and 
distributed  in  their  ever-changing  beds  with  sand  and  mud.  The  nodules  and  the 
bones  f onn  the  gravel  in  the  banks  in  the  river  beds,  the  •  river  pebble '  being 
merely  the  present  result  of  river  action."  J.  W. 

*  Engineering  and  Mining  Journal  (New  York),  August  23,  1S90. 
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NAPHTHA  IN  AUSTRIAN  GALICIA. 
Die  Naphtafelderiii  Wietrzno.    By  Claudius  Angeejiann.     Jahrbuck  der  k.  I'. 
Geologlschen    Reichsanstalt,    1889,    vol.    xxxix.,  pages    281-288,    with    six 
sections  and  one  map  in  the  text. 

The  naphtha  occurs  in  crevices  in  Eocene  sandstones,  which  lie  in  an  anticlinal 
beneath  the  bituminous  "  men  ilite  shales."'  The  sandstones  were  fractured  when  the 
folding  of  the  strata  took  place,  whilst  the  more  flexible  shales  were  bent  but  not  broken. 

The  Wietrzno  naphtha  works  are  situated  at  a  height  of  about  980  feet  above  sea- 
level,  and  the  gas  wells  go  down  to  822  feet,  so  that  the  actual  height  of  the  natural 
gas  reservoirs  above  sea-level  is  about  16-t  feet.  The  pressure  of  the  gas  at  bank  is 
2  to  3  atmospheres,  while  at  the  bottom  of  the  shaft  it  attains  15  atmospheres. 

The  author  shows  that  the  lie  of  the  beds  is  such  that  the  gas-bearing  deposits 
cannot  extend  very  far  to  east,  north,  or  south  of  the  present  workings  ;  to  the 
west  are  the  older  well-known  works  of  Bobrka.  Some  shafts  were  put  down  by 
unscientific  searchers  at  points  where  the  beds  are  too  steeply  inclined  to  permit  of 
the  gas-bearing  sandstones  being  reached,  and  in  this  way  a  sum  of  £17,000  was 
lost.  0.  S.  E. 

PETROLEUM  IN  FRANCE. 

Deeouverte  de  Terrains  Petrolifercs  duns  la  Limagne  d'Avvergne.    By  P.  Dubreuil 

and  J.  DE  Clekcy.     Genie  Civil,  1892,  vol.  xxii.,page  102. 

Mr.  .J.  de  Clercy  concluded  that  mineral  oil  would  probably  be  found  at  a  con- 
siderable depth  in  the  Limagne  d'Auvergne,  from  the  similarity  of  the  geological 
formations  to  those  on  the  eastern  side  of  the  Vosges,  and  the  Tertiary  formations 
of  Galicia.  He  began  to  bore  on  the  Fauvel  system  in  September,  1891,  near  Pont 
du  Chateau  station.  This  hole  went  down  720  feet  and  cut  some  fissures  containing 
bitumen  without  reaching  the  oil-bearing  strata. 

A  second  boring  was  made  on  the  opposite  side  of  the  plain  at  Pont  Battu  near 
Riom.  This  hole  reached  a  depth  of  906  feet,  and  proved  the  existence  of  beds  of 
shale  impregnated  with  carburetted  gases,  light  petroleum  oils  and  various  oily 
minerals,  a  certain  sign  of  the  vicinity  of  free  petroleum.  This  hole  passed  first 
through  limestone  impregnated  with  viscous  bitumen.  At  29-1  feet  a  bituminous 
crevice  was  cut  which  yielded  abundance  of  bitumen  of  a  lighter  and  more  oily 
nature.  At  333  feet  the  strata  at  the  bottom  pushed  up,  and  filled  the  hole  for  30 
feet,  the  flow  of  bitumen  increased,  and  the  first  liberation  of  inflammable  gas  was 
observed.  From  that  time  progress  was  impeded  by  continual  upheavals  accom- 
panied by  gas.  At  636  feet  the  hole  was  filled  with  calciferous  sand  for  more  than 
300  feet,  gas  could  be  constantly  lighted  at  the  top,  and  the  bitumen  became 
very  light  and  fluid.  Other  upheavals  of  180  and  240  feet  occurred,  and  the  hole 
was  then  tubed  to  a  depth  of  573  feet.  At  645  feet  a  new  outburst  filled  the  hole 
for  -426  feet,  and  the  supply  of  light  bitumen  and  gas  was  abundant ;  from  654  to 
870  feet  hard  limestone  was  passed  through  without  bitumen  or  gas,  but  the  water 
coming  out  of  the  hole  had  a  strong  smell  of  petroleum  different  from  the  smell  of 
bitumen.  Tliis  water  contained  little  oil,  and  was  very  salt.  A  series  of  very  hard 
argillaceous  beds  were  next  found,  with  thin  beds  of  siliceous  sand,  and  at  900  feet 
there  were  fresh  outbursts  both  at  the  bottom  and  639  feet  down,  which  stopped  the 
boring. 

The  hole  was  cleaned  out  again,  during  which  operation  much  oil  and  gas  was 
given  ofi  with  the  water.  The  bottom  again  burst  up  and  the  boring  was  stopped  on 
November  1st,  1892,  until  stronger  mechanical  appliances  could  be  erected. 

It  is  concluded  that  petroleum  exists  under  considerable  pressure,  which  may 
produce  spouting  wells,  if  deeper  holes  encounter  permeable  measures.       W. N.  A. 
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GEOLOGY    OF    THE    CAUCASIAN    (BAKU)    NAPHTHA    REGION. 

Frelimiiidra  meddelunden  fran  de  Tiauliasislia  naftafalten.  By  Hj.  SJOGREN. 
Geolo<jhha  Foreningcns,  Fdrliandlhigar,  J^tocJihoJvi, 1891, vol.  xiil., pages  89-110, 
223-25o,  wiilt  sliL'tches  in  the  tcvt  and  a  coloured  map. 

The  author  classifies  the  strata  as  follows  : — 


Local  Name. 

General  Name. 

Geological  Age. 

6 

5 

i.  Baku  series            \ 
3.  Apscheron  series  / 
2.  Balachany  series 

1.  Sumgait  series 

Caspian 
Aralo-Caspian 

Pontino-Caspian 

Pliocene        x 

Miocene  or    l  Tertiary 
Oligocene      | 
Eocene          ' 

1.  The  Sumgait  series  includes  shales,  sandstones,  and  reddish-brown  ferruginous 
marls.  The  occurrence  of  iron  ochre,  nodules  of  pyrites,  abundant  rock-salt,  and 
gypsum,  the  last  named  often  in  enormous  masses,  is  noticed.  In  the  Mahanna 
district,  in  conjunction  with  the  anticlinal  folding  of  the  rocks,  there  are  mud 
volcanoes  with  outflows  of  naphtha  and  natural  asphalt.  Limestone  also  appears 
in  this  district  and  is,  moreover,  the  characteristic  rock  of  the  Beschbarmak  massif. 

2.  The  Balachany  series  is  the  naphtha-bearing  series  par  excellence.  It  com- 
prises grey  to  greyi.^h-browu  slaty  marls,  calcareous  sandstones,  and  loose  sand-beds, 
saturated  with  naphtha  or  water.  Fragments  of  lignite  occur,  and  carbonaceous 
plant-remains  are  found  abundantly  in  a  hai'd  grey  horizontally-bedded  sandstone. 
In  the  loose  sands,  the  presence  of  rounded  masses  of  sandstone,  about  the  size  of  a 
man's  head  or  larger,  is  often  noticed.  It  is  presumed  that  these  represent  really  the 
debris  of  the  calcareous  sandstones,  whose  matrix  has  been  dissolved  away  by  the 
carbonic  acid  evolved  from  the  naphtha.  These  masses  are  found  to  be  a  great 
obstacle  in  boring  for  naphtha.     Nodules  of  pyrites  occur  throughout  the  series. 

3.  The  Apscheron  series,  which  in  some  places  is  conformable  with,  in  others  lies 
unconformably  upon,  the  Balachany  beds,  is  partly  argillaceous  and  partly 
calcareoits  in  character.  It  contains  limestones  which  are  exclusively  built  up  of 
moUuscan  shells. 

4.  Upon  the  Apscheron  beds  rests  unconformably  the  Baku  series,  made  up  of 
shelly  limestones,  alternating  with  marls  and  sands.  Above  these  come  the  lime- 
stones, sands,  and  gravels  of  the  Aralo-Caspian  series.  0.  S.  E. 


THE  PETROLEUM  INDUSTRY  OF  BAKU. 

Etat  actual  de  Vlndustrie  du  Naplite  dans  la  Presqu'ile  d' Apscheron.  By 
A.  Lepeotjx.  Annales  des  Mines,  1892,  series  9,  lol.  ii.,pages  117-162,  and  7 
figures. 

The  subject  is  considered  under  four  heads — (1)  History  of  the  development  of 
Baku  to  the  present  time.  (2)  Conditions  and  methods  of  working.  (3)  Treatment 
of  the  petroleum,  employment  of  the  residuals  (^mazovf)  for  the  manufacture  of 
lubricating  oils,  and  for  heating  steam-boilers.  (4)  Cost  of  production,  transport, 
taxes,  etc.     Commercial  position  of  Baku. 

1.  Eistorical. — About  the  year  1800  the  production  of  petroleum  from  Baku 
varied  from  1,.500  to  2,000  tons.     Baku  was  definitively  annexed  to  Russia  in  1801, 
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and  a  monopoly  established  by  the  Government.  Under  this  regime,  which  lasted 
until  1872,  the  production  of  petroleum  increased  slowly  but  continuously,  attaining 
25,000  tons  in  1872.  The  suppression  of  the  monopoly  and  gradual  abolition  of  the 
taxes  caused  the  production  to  increase  to  333,000  tons  in  1878. 

Inconveniences  arising  from  over-production  and  want  of  means  of  transport 
began  to  be  felt  about  that  time.  In  188-1,  the  railway  from  Baku  to  Tiflis  was 
opened,  and  the  production  increased  rapidly,  exceeding  2,000,000  tons  in  1887,  and 
3,000,000  tons  in  1888,  in  spite  of  the  re-establishment  of  high  taxes. 

At  the  present  time,  the  production  is  not  increasing,  but  not  from  exhaustion  of 
the  supply.  In  twenty  years  the  proiluctiou  has  become  equal  to  that  of  Pennsyl- 
vania, but  the  value  of  the  petroleum  from  the  two  countries  is  not  the  same.  The 
Pennsylvanian  petroleum  furnishes  70  to  80  per  cent,  of  burning  oil,  that  of  Baku 
only  30  per  cent. 

The  oil-lands  may  be  classified  as  to  ownership  as  follows  : — 

1.  Lands  bought  from  the  State,  or  granted  to  individuals,  who  either  retain 

them,  or  have  let  or  sold  them. 

2.  Lands  belonging  to  certain  villages,  communities,  etc.,  rented  by  agreement 

for  development. 

3.  Lands  belonging  to  the  State,  of  which  a  very  small  portion  is  leased. 
Only  about  one-half  of  the  oil-lands  is  available  for  working,  but  the  production 

is  so  active  that  their  exhaustion  must  only  be  a  question  of  a  few  years.  There  will 
then  remain  for  development  the  lands  retained  by  the  State,  without  counting  the 
numerous  deposits  of  the  rest  of  the  Caucasus,  Turkestan,  and  Bokhara,  which,  how- 
ever, produce  less  remunerative  petroleum. 

2.  Working. — The  geological  formation  consists  of  two  series  of  Tertiary  beds, 
the  lower  of  which  yield  the  petroleum.  The  upper  series  is  composed  of  hard  lime- 
stones and  shales  and  reaches  a  thickness  excecLling  2,000  feet  in  some  places.  The 
lower,  or  petroliferous,  series  is  composed  of  sandstone,  argillaceous  sandstone,  sand 
and  shale,  the  total  thickness  of  which  is  unknown,  but  has  been  proved  to  be  2.300 
feet  near  Balakhany  and  Binagadine. 

The  difficulties  of  extraction  are  caused  more  by  the  looseness  of  the  strata  than 
their  hardness.  The  boreholes  are  continually  obstructed  by  running  sand,  of  which 
the  spouting  wells  throw  up  large  quantities,  and  the  employment  of  torpedoes  to 
renew  the  supply  is  impracticable. 

The  choice  of  position  for  a  well  is  not  guided  by  any  precise  or  logical  consider- 
ations. It  is  not  known  why  some  pits  yield  much  more  abundantly  than  others. 
Of  two  pits  only  some  yards  apart,  one  may  yield  thousands  of  tons  per  day,  and  the 
other  hardly  enough  to  pay  costs. 

The  spouting  of  the  oil  is  supposed  to  be  entirely  due  to  the  pressure  of  gas  dis- 
solved in  the  petroleum,  and  is  supposed  to  occur  when  a  sort  of  bell-shaped  cavity 
is  formed  above  the  base  of  the  pit  tubing,  an  occurrence  altogether  local  and  purely 
accidental,  and  impossible  to  foresee  before  a  site  of  a  well  is  chosen. 

It  is  only  known  that  the  abundance  of  oil  increases  with  the  depth,  that  it  is 
greatest  where  the  bed  is  pinched  or  compressed,  that  it  is  generally  small  where  the 
beds  are  fissured,  and  that  it  is  very  irregular. 

The  wells  are  bored,  generally  with  rods ;  the  American  system  of  boring  with 
ropes  has  been  tried,  but  was  not  successful.  The  diameter  of  the  holes  varies  from 
17  to  21  inches,  generally  beginning  with  the  latter  diameter  which  is  gradually 
reduced  as  the  hole  descends;  the  holes  are  tubed  throughout.  The  boring  is  carried 
as  deep  as  possible,  but  rarely  beyond  1,000  feet.  The  cost  of  a  complete  installation 
with  a  well  800  feet  deep  is  about  £3,160,  including  the  redemption  of  capital. 
The  rate  of  boring  is  about  6  feet  per  24  hours,  with  an  engine  of  10  horse-power. 
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When  a  spoi;ting  well  is  prcduced,  a  violent  outburst  of  gas  takes  place,  soon 
followed  by  petroleum  mixed  with  sand.  The  pressure  of  the  gas  sometimes  reacnes  20 
atmospheres,  and  there  have  been  cases  where  not  only  were  the  boring-tools  blown 
out  of  the  holes,  but  even  the  column  of  tubes  has  been  raised,  and  bent  by  the  gases, 
in  some  cases  leading  to  the  complete  loss  of  the  boring.  On  account  of  these  con- 
siderable pressures,  ihe  contrivances  used  in  Pennsylvania  for  collecting  the  oil  are 
rarely  used,  and  much  of  the  petroleum  from  spouting  wells  is  lost,  if  large  reservoirs 
have  not  been  previously  prepared.  A  spouting  well,  instead  of  being  a  source  of 
riches,  is  sometimes  the  cause  of  ruin  because  of  the  enormous  havoc  produced  by 
such  a  violent  inundation.  When  the  boring  is  stopped  before  spouting  occui's  the 
oil  is  raised  in  cylindrical  vessels  with  a  valve  at  the  bottom  by  means  of  a  small 
steel-rope.    It  is  necessary  to  clean  the  hole  occasionally  from  obstruction  by  sand. 

T;ie  cost  of  this  extraction  (labour  and  engine-power)  is  from  12s.  6d.  to  16s. 
a  day.  Extraction  continues  so  long  as  the  output  is  sufficient  to  pay  costs,  which 
depends  on  the  productiveness  of  the  hole,  and  the  price  of  crude  petroleum.  At 
present  an  output  of  6  or  7  tons  per  24  hours  justiiies  continuance  of  work. 

The  richness  of  the  holes  varies  from  absolute  sterility  to  the  spouting  out  of 
millions  of  gallons  per  day.  The  cost  of  production  therefore  varies  infinitely. 
The  average  production  of  all  the  wells  at  Balakhany  may  be  said  to  have  averaged 
for  some  years  50  tons  per  21  hours. 

3.  Treatment  of  Pcti-uJeum  and  use  of  liesidiial-f. — All  the  crude  petroleum 
is  treated  at  Baku,  in  the  vast  suburb  called  Yille-Xoire,  where  there  are  more  than 
150  factories,  some  of  which  (Messrs.  Nobel's  in  particular)  are  very  large. 

The  oil  is  conveyed  fi'om  the  wells  either  in  pipe-lines  or  boats  for  distances 
varying  from  5  to  7^  miles.  A  pipe-line  installation  comprises  a  pumping-station 
and  reservoirs  at  each  end  of  the  line.  Worthington  or  analogous  pumps  are 
employed  to  pump  the  oil  through  the  pipe-lines.  The  reservoirs  are  of  thin  rivetted 
sheet-iron,  costing  about  from  lO|^d.  to  12:fd.  per  cwt.  of  oil  contained.  The  pipes 
are  of  wrought-iron  (cast-iron  offering  much  greater  resistance  to  the  oil-tiow 
especially  in  winter).  An  installation  to  pump  iSOO  tons  in  24  hours  6j  miles,  with 
a  difference  of  level  of  197  feet  in  favour  of  the  flow  cost  £12,66(5. 

The  selling  price  of  crude  petroleum  varies  enormously,  or  from  2s.  4^d.  to 
12s.  8d,  per  ton. 

The  treatment  comprises  the  manufacture  of  lighting-oil  and  lubricating-oils,  by 
fractional  distillation  preceded  and  followed  by  purifying  operations.  Lubricating- 
oils  are  made  from  the  residuals  after  the  lighting-oil  is  extracted,  but  the  major 
part  of  such  residuals  is  used  for  heating  purposes. 

The  processes  of  manufacture,  testing,  barreling,  etc.,  are  briefly  described. 

The  bulk  of  the  residuals  (^mazouf)  from  the  manufacture  of  lighting-oils  as  well 
as  that  from  reservoirs  where  the  crude  petroleum  has  stood  so  long  that  the  oil  has 
evaporated  is  used  for  heating  purposes.  It  is  used  in  all  the  steamboats  on  the 
Caspian  Sea.  the  Volga  and  its  affluents,  on  all  the  railways  of  the  south-east  of  Russia, 
and  in  all  the  factories  where  it  can  be  obtained,  and  its  use  for  these  purposes 
constantly  increases.  It  produces  no  cinders,  is  easy  to  apply,  and  for  equal 
weight  more  advantageous  than  coal.  The  theoretical  evaporative  power  of  mazout 
is  16*2  (1  pound  evaporates  16-2  pounds),  while  that  of  anthracite  is  12*2,  and  con- 
sequently an  equal  weight  of  mazout  would  theoretically  evaporate  33  per  cent, 
more  water  than  anthracite,  but  while  coal  only  yields  60  per  cent,  of  its  theoretical 
calorific  power  ma:ont  may  yield  80  per  cent.,  making  an  advantage  in  its  favour 
of  75  per  cent.  Consequently,  whenever  mazout  can  be  had  at  a  price  below  7/4ths 
that  of  coal,  it  is  advantageous  to  use  it.  It  is  so  easily  applied  that  one  man  can 
attend  to  6,  8,  or  10  boilers  fired  with  it. 


TRANSACTfONS   AND    PERIODICALS,  459 

The  results  of  trials  in  stationary  boilers  ia  Moscow  are  given,  and  a  7'esume  of 
three  articles  published  in  1884,  1889,  and  1890  in  the  Proceedings  of  the  Institute 
of  Mechanical  Engineers  on  the  use  of  mazout  in  locomotive  engines. 

4.  Cost  of  Production,  Transjiort,  Imposts,  etc.  Commercial  Situation  of 
Baku. — As  has  been  stated,  it  is  not  possible  to  fix  the  cost  of  production  of  crude 
petroleum,  but  its  selling  price  varies  from  2s.  7d.  to  12s.  lid.  per  ton. 

The  cost  of  production  of  kerosene  from  crude  petroleum  at  the  former  price  is 
approximately  9s.  per  ton.  The  cost  of  production  of  mazout  is  very  variable  ;  in 
the  summer  of  1891  it  was  6s.  4d.  per  ton. 

The  lighting  and  lubricating-oils  only  are  exported  in  quantity,  and  nearly  all 
the  mazont  is  consumed  in  Russia.  The  oils  are  carried  in  tank-ships  holding  700 
to  800  tons,  or  in  cistern-waggons  holding  10  or  12|  tons  each.  Kerosene  costing 
9s.  per  ton  at  Baku  is  worth  39s.  6d.  per  ton  at  Batoum,  and  mazout  costing  6s.  4d. 
per  ton  at  Baku  is  worth  32s.  per  ton  at  Batoum. 

The  commercial  situation  at  Baku  in  1891  was  very  unfavourable,  and  more  than 
70  factories  were  closed  during  that  year.  In  Russia,  Russian  petroleum  can  hold 
its  own,  owing  to  protective  duties,  but  abroad  it  cannot  compete  favourably  with 
American  oils,  and  the  industrial  conditions  at  Baku  are  adverse  to  its  success  in 
the  struggle. 

The  methods  of  working  are  imperfect,  the  petroleum  s  badly  collected,  much 
being  lost  by  drainage  and  evaporation.  The  processes  of  distillation  and  refining 
compare  unfavourably  with  American  methods,  and  Russian  petroleum  only  yields 
30  to  40  per  cent,  of  kerosene,  of  which  some  American  petroleum  yields  80  per 
cent. 

The  geographical  situation  of  Baku  is  also  unfavourable  for  exportation  to 
Europe  :  the  increasing  Russian  demands,  however,  may  suffice  for  its  future  profit- 
able working,  W.  N,  A. 


NAPHTHA  IN  THE  CAUCASUS. 

Ueher  Naplitlia  im  Kanhasus.    Anon.    Berg-und  Huettenmcennische  Zeitung,  1892, 
vol.  li.,  2}ages  287-289, 

The  probability  of  the  early  exhaustion  of  the  naphtha-wells  of  the  Caucasus, 
predicted  by  many  Russian  engineers,  is  denied  by  the  well-known  chemist.  Prof. 
Mendelejew.  Comparatively  few  wells  are  at  work  in  the  present  oil-district,  and 
these  of  shallow  depth,  and,  in  addition,  new  oil-finds  continue  to  be  made  farther 
away.  While  the  American  wells  are  about  25,000  in  number,  and  reach  depths  of 
1,600  feet,  not  more  than  a  few  hundreds  are  at  work  in  the  Caucasus,  and  their 
depths  do  not  exceed  700  feet.  In  general,  the  boreholes  yield  about  16  tons  per 
day  each,  and  those  that  yield  less  than  4  or  5  tons  are  abandoned. 

The  whole  naphtha  district  has  an  area  of  about  6^  square  miles.  It  is  bounded 
on  the  south  and  east  by  the  chalk  beds  of  the  Aral-Caspian  valley,  down  under 
which  the  naphtha-bearing  strata  extend.  Chalk  beds  have  originally  formed  a 
sort  of  roof  over  the  strata  of  sandy  shale  containing  the  naphtha,  and  the  erosion 
of  a  part  of  this  roof  by  the  sea  has  rendered  the  underlying  strata  accessible.  To 
the  westward,  the  district  extends  as  far  as  the  mud-volcano  of  Bog-boga.  To  the 
north,  the  shale  beds  crop  out  in  a  line  extending  through  the  valley  of  Balachani 
and  the  southern  shore  of  Lake  Sabratski. 

The  naphtha-bearing  strata  consist  of  coarse  and  fine  sands  alternating  with 
slaty,  variegated  shale,  and  lie  in  a  gentle  slope  from  south-east  to  north-west. 


460  Is'OTES   OF   PAPEP.S    IX    FOREiax 

About  4,000.000  tons  of  naphtha  a  year  are  produced  in  the  Caucasus,  500,000 
tons  of  this  being  sent  abroad,  and  a  considerable  quantity  being  used  on  the  spot. 
More  than  1,500,000  tons  of  waste  oil  remain  in  the  Caucasus,  and  this,  which  in 
other  countries  would  form  a  considerable  source  of  profit,  is  in  Russia  simply 
thrown  away.  It  is  given  away  gratis  for  use  as  fuel  on  the  steamers  of  the  river 
Volga  and  Caspian  Sea.  and  in  various  engineering  works  in  the  neighbourhood. 

The  petroleiim  distilled  from  the  naphtha  is  sent  inland  by  the  Volga  river  and 
by  the  Trans-Caspian  railway. 

In  Baku,  naphtha  costs  OOlod.,  0"020d.,  or  at  the  most  0'025d.  per  lb.,  and  its 
price  in  various  parts  of  Russia  depends  chiefly  on  the  cost  of  its  carriage  from 
there. 

In  Moscow,  it  costs  0'2od.,  0"28d.,  and  as  much  as  0'30d.  per  lb.,  against  0"30d.  per 
lb.  of  coal.  The  Russian  tariffs  for  the  carriage  of  coal  are  very  high,  and  naphtha 
will  continue  to  supplant  it  as  a  fuel  unless  the  Government  takes  the  matter  up. 

The  amount  of  naphtha  now  raised  in  the  world  is  about  :^th  of  the  whole  output 
of  coal,  and  although  new  sources  of  supply  have  been  discovered  in  the  Trans- 
Caspian  and  other  districts,  it  is  not  likely  that  the  yield  will  become  considerable 
enough  for  it  to  take  the  place  of  the  older  fuel.  A.  R.  L. 


♦ 


PETROLEUM   IN  INDIA. 

(1)  Preliminary  Report  on  the   Oil  Locality  near  Moglial  Kot,  in  the  Sherani 

Country,  Suleiman  mils.  By  R.  D.  Oldham.  Records  of  the  Geological 
Survey  of  India,  1891,  vol.  xxiv.,  pa^es  83-84. 
The  oil  issues  from  a  hard,  unfossiliferous  sandstone.  600  feet  thick,  and 
probably  of  Cretaceous  age.  The  oil  is  most  abundant  near  the  base,  where  the 
rock  is  porous.  The  springs  are  found  in  the  river-bed,  and  they  appear  to  have 
been  flowing  for  many  years.  The  oil  is  of  a  pale  yellow  colour,  clear,  and  free 
from  water.  Analyses  prove  that  the  oil  is  of  high  quality.  The  actual  flow  of  oil 
at  present  is  10  gallons  per  day. 

(2)  Bejwrt  on  the  Oil  Springs  at  Moghal  Kot  in  the  Shlrani  Bills.  By  ToM  D.  LA 
TOUCHE.  Bceords  of  the  Geological  Surrey  of  India,  1892,  vol.  xocv.,  pages 
171-175,  and  two  i)lates. 

These  oil  springs  occur  near  the  village  of  Moghal  Kot  in  the  Sherani  Hills. 
They  have  previously  been  reported  on,  and  samples  of  the  oil  have  been  analysed,  but 
the  present  exploration  was  made  to  ascertain  whether  the  oil  could  be  procured 
in  sufficient  quantities  to  render  it  commercially  valuable.  The  oil  springs  are 
found  in  a  deep,  narrow  gorge,  cut  by  the  river  Toi  through  a  ridge  of  hard,  fine- 
srained  quartzose  sandstone,  overlain  by  massive  limestone.  The  oil  issues  close  to 
the  water's  edge,  and  most  copiously  near  the  base  of  the  quartzose  sandstone.  The 
points  of  outflow  seem  to  be  determined  by  the  existence  of  beds  of  shale  inter- 
calated in  the  sandstone.  On  issuing  from  the  rock  the  oil  is  limpid,  slightly  yellow, 
and  opalescent.  From  a  rough  calculation,  it  appears  that  one  hole  would  yield  a 
gallon  of  oil  in  4^  hours,  while  another  would  take  14  hours. 

Although  the  ridge  of  rock  yielding  the  oil  extends  for  30  miles  to  the  north  of 
the  river,  the  occurrence  of  the  oil  itself  seems  restricted  to  this  spot.  The  peculiar 
structure  of  the  rocks  in  the  gorge  above  Moghal  Kot  facilitates  the  escape  of  oil 
where  the  springs  occur. 

The  practical  conclusion  arrived  at  by  the  author  appears  to  be  that  the  present 
flow  of  oil  might,  by  suitable  borings,  be  sufficiently  increased  to  make  it  com- 
merciallv  valuable. 
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(3)  On  Mineral  Oil  from  the  Suleiman  Hills.    By  Thomas  H.  Holland.     Records 

of  the  Oeological  Survey  of  India,  1891,  vol.  a-xir.,  pages  84-97. 

This  paper  records  an  analysis  of  Mr.  Oldham's  samples  (see  previous  paper), 
which  are  inferior  to  those  previously  analysed.  The  paper  also  contains  a  valuable 
bibliography  of  the  petroleum  resources  of  the  Punjab  and  Baluchistan  areas. 

(4)  Second   Xute   on    Mineral    Oil  from    the    Suleiman   Hills.     By    THOMAS    H. 

Holland.     Records   of  the    Geological   Surrey   of  India,   1892,  vol.   xxv., 
pages  17.5-180. 

Analyses  of  two  samples  of  the  oil  from  Moghal  Kot  collected  by  the  previous 
writer  are  as  follows  : — 

Specimen  A  was  a  deep  yellow,  mobile  liquid,  slightly  turbid.  The  specific 
gravity,  at  60  degs.  Fahr.,  was  0'819.  The  flashing-point  (Abel  test)  was  75  degs. 
Fahr.     The  crude  oil  contains  S7|-  per  cent,  of  illuminating  oil. 

Specimen  B  is  a  clear,  rich  straw-coloured  liquid.  The  specific  gravity,  at  60 
degs.  Fahr.,  is  O'Sll.  The  flashing-point  is  64  degs.  Fahr.  The  crude  oil  contains 
84  percent,  of  illuminating  oil.  There  would  be  a  slightly  greater  waste  in  preparing 
oil  B  for  the  market.  Both  samples  are  of  very  high  value,  so  that,  if  occurring  in 
sufficient  quantity,  no  foreign  oil  could  compete  with  it.  G.  W.  B. 


PETROLEUM  IN  PERSIA. 

Note  sur  les  Gites  de  Naphte  de  Kend-e-Chirin.    By  J.  de  Mokgan.     Annales 
des  3Ii7ies,  1892,  series  9,  vol.  i,,  pages  227-238,  with  sections  in  the  text. 

The  author  sketches  briefly  the  physiography  of  the  hilly  country  between 
Hamadan  and  Zohab,  a  district  which  forms  part  of  the  system  of  parallel  ranges 
whose  height  drops  gradually  from  the  summit-level  of  7.000  feet  at  the  Zagha  Pass 
to  150  feet  at  Bagdad,  in  the  plains  of  Mesopotamia.  Hamadan  lies  within  a  zone 
of  igneous  rocks  ;  west  of  this,  fossiliferous  Jurassic  strata  were  observed,  overlain 
(apparently  in  regular  succession)  by  Cretaceous  rocks,  Nummulitic  limestones,  and 
a  great  series  of  later  Tertiaries  with  naphtha- bearing  beds.  The  naphtha  zone 
forms  a  long  band,  running  north-west  and  south-east  from  Kerkuk  (in  Turkish 
territory)  to  Kasrashirin,  near  Shahku.  The  existence  of  prolongations  of  the  band 
north  and  south  of  these  localities  is  not  improbable. 

However  that  may  be,  the  author's  attention  was  specially  devoted  to  the 
deposits  of  Kandashirin,  situated  at  a  height  of  about  1,560  feet  above  sea-level  in 
the  central  portion  of  the  naphtha  zone,  and  distant  about  95  miles  from  Bagdad. 
The  immediately  surrounding  country  is  rather  flat,  but  there  are  a  few  low  hills 
of  soft  Tertiary  rocks.  The  naphtha  occurs  here  in  an  anticlinal  of  unfossiliferous 
post-Eocene  sands  and  marls,  so  far  as  it  has  at  present  been  tapped  ;  but  the 
author  shows  good  reason  for  the  hypothesis  that  the  main  reservoir  really  lies  in 
one  of  the  synclinals  north  and  south  of  the  anticlinal  fold. 

At  Kandashirin,  a  little  river  cuts  through  the  crest  of  one  of  the  anticlinal 
folds,  so  exposing  the  petroliferous  marls  beneath.  These  beds  incline  to  the  right 
and  the  left  of  the  crest,  which  runs  west  12  degs.  north,  and  their  dip  varies  from 
75  degs.  at  the  line  of  fracture  to  18  degs.  at  a  distance  of  5,000  feet  (1,500  metres) ; 
farther  on  the  beds  become  horizontal,  and  afterwards  rise  again.  Excepting 
where  exposed  by  the  stream,  the  marly  beds  containing  the  petroleum  are  entirely 
covered  by  superior  strata,  certainly  more  than  8,000  feet  (2,500  metres)  in  thick- 
ness, and  devoid  of  fossils.    The  uppermost  marly  bed  contains  strings  of  ozokerite, 
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varyins  in  width  from  O'lO  inch  (2  or  3  millimetres)  to  ^  or  f  inch  (15  or  20  milli- 
metres), which  have  been  produced  by  the  infiltration  of  the  mineral  oils  into  the 
fissures  of  the  marl;  these  the  author  considers  to  be  of  no  practical  value. 

Numerous  remains  of  shallow  wells  are  visible,  and  the  Kurds  have  cut  a  deep 
trench  and  sunk  two  wells,  each  of  about  30  feet  (9  metres)  in  depth.  These  fill  up 
with  salt-water  and  naphtha,  and  are  emptied  every  four  or  five  days  by  means  of  a 
cord  and  bucket,  each  operation  yielding  about  50  gallons  (250  litres)  of  crude  oil 
and  a  large  amount  of  brine — the  latter  being  evaporated  down  to  impure  salt,  with 
a  strong  odour  of  petroleum,  which  sells  in  the  country  at  about  ^d.  per  pound. 

The  crude  oil  is  taken  on  mule-back  some  10  miles  to  the  village  of  Kasra- 
shirin.  It  is  very  fluid,  green,  has  a  strong  odour,  and  sells  crude  at  about 
Id.  per  pint  (1  jd.  per  litre).    It  is  then  refined,  when  it  fetches  about  double. 

The  salt  produced  from  the  brine  in  the  evaporating-cabins  is  very  bad  and 
strongly  tainted  with  petroleum.  In  short,  the  methods  of  working  are  of  the  most 
primitive  description,  and  only  10  to  12  men  are  employed.  The  Kurdish  wells 
have  only  touched  the  surface  of  the  deposit ;  they  do  not,  therefore,  go  down  to 
the  impermeable  strata  which  form  the  bed  of  the  subterranean  naphtha-lake. 

The  author,  in  conclusion,  points  out  that  the  petroleum  from  Baku  and  from 
far  Pennsylvania,  which  now  monopolizes  the  markets  of  China,  India,  Persia,  and 
Turkey,  may  at  some  future  date  be  displaced  by  the  patroleum  from  the  above- 
described  deposits,  the  shipping  port  for  which  would  be  Bagdad, 

G.  E.  C.  &  0.  S.  E. 


SAFETY-CATCH  FOR  PUMP  SPEARS. 

Fangvorrichtung  fur  Pumpengestdnge.  Bij  J.  Sprenger.  Berg-  nnd  Huetten- 
vKBnnische  Zeltitng,  18S8,  vol.  xlrit.,  pages  205-207,  223-226,  and  231-235,  and 
two  plates. 

In  order  to  reduce  the  damage  done  by  falling  pump-spears  in  case  of  their 
breaking,  it  has  been  the  practice  in  some  pits  to  fit  catches  at  intervals  in  their 
length  in  the  shaft.  The  fall  then  depends  on  the  vertical  distance  apart  of  the 
catches,  these  having  to  be  the  stronger  and  heavier  the  wider  the  intervals.  In  the 
Konig  mine,  near  Xeunkirchen,  a  method  is  employed  by  which  the  broken  spears 
are  caught  before  they  have  gathered  momentum,  and  the  engine  brought  to  a 
stand  at  once,  and  for  this  system  the  fittings  are  lighter  and  less  clumsy  than 
those  usually  adopted. 

There  is  an  upper  length  of  220  feet  of  wooden  spears,  and  a  lower  length  of 
260  feet  of  iron  ones  ;  and  there  are  clutches  fitted  at  about  60  feet  from  the  upper 
end  and  50  feet  from  the  lower  end.  To  each  side  of  the  spear  at  each  of  these 
places  is  a  spindle  with  eccentric  wheels  at  its  ends,  in  the  perimeters  of  which  are 
deep  grooves  corresponding  in  shape  to  the  edges  of  an  iron  standard  fixed  between 
them  opposite  the  centre  of  the  spear.  Between  the  two  systems  of  wheels  is  a 
strong  rope  ;  from  the  upper  system  to  the  top,  another  of  about  half  the  strength  ; 
and  from  the  lower  system  to  a  cleat  near  the  bottom  of  the  lower  spear  is  a  third 
rope  of  about  a  quarter  of  the  strength  of  that  first  mentioned. 

The  attachment  of  the  ropes  is  similar  in  the  two  systems.  Each  spindle  has  a 
short  crank  which  is  turned  inwards  and  attached  to  the  obtuse  side-angles  of  a 
loose  parallelogram  made  of  four  iron  bars,  the  ropes  being  attached  above  and  below 
to  its  acute  angles. 

Close  to  the  top  of  the  shaft  the  rope  is  reeved  through  two  eyes  on  a  plate 
fixed  to  the  spear.    A  nut  between  the  two  keeps  the  rope  taut  below,  and  in  case 
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of  a  breakdowQ  will  fly  up  against  the  upper  oae,  there  being  a  few  inches  of  play 
between.  The  ropes  are  made  taut  by  tightening  screws,  and  so  arranged  that  the 
cranks  on  the  spindles  point  inwards  and  keep  the  eccentric  wheels  with  their 
smaller  diameters  towards  the  fixed  standards  between  them.  The  upper  rope  is 
carried  first  over  the  end  of  the  pumping  beam  and  then  inwards  over  a  pulley,  and 
at  its  end  hangs  a  heavy  weight  which,  in  case  of  accident,  will  fall  on  a  lever  and 
shut  off  the  steam.  In  case  a  spear  breaks  the  weak  lower  rope  will  break  also, 
and  this  setting  free  the  parallelogram,  the  lower  eccentric  wheels  are  turned  by  their 
own  weight  till  they  grip  the  fixed  standard  and  thus  arrest  the  falling  spear.  Mean- 
while the  upstroke  continuing,  the  next  weakest  upper  rope  will  give  way  and  allow 
the  weight  to  fall  and  shut  ofE  the  steam.  The  strong  middle  rope  does  not  break, 
but  being  kept  in  considerable  tension  before  the  accident  will,  by  returning  to  its 
original  length,  help  to  bring  both  upper  and  lower  eccentric  wheels  into  position 
to  grip  the  standards.  The  standards,  about  10  feet  long,  are  fixed  at  their  upper 
and  lower  ends  on  to  beams  lying  across  the  shaft. 

For  deeper  pits  more  than  two  clutches  may  be  required,  and  these  can  be 
arranged  in  a  similar  manner.  In  the  Konig  mine  the  arrangement  was  practically 
tested,  by  cutting  first  the  lower  rope  and  then  the  upper  one,  while  the  pump  was 
at  work.     The  spears  were  at  once  arrested,  and  the  engine  brought  to  a  standstill. 

A.  E,  L. 


BURMAH   EUBY   MINES. 

Note  on  the  reported  Namschi  Ruiy-mine  in  the  Mainglon  State.  By  Feitz 
NoETLiNG.  Records  of  the  Geological  Survey  of  India,  1891,  vol.  xxiv.,  pages 
119-125. 

The  original  matrix  of  the  ruby  is  a  crystalline  limestone,  but  the  mine  is  worked 
in  river  alluvium.  Valuable  rubies  are  said  to  have  been  found  at  this  mine,  but  a 
trial  of  three  days  of  eight  hours  each,  with  twelve  coolies,  produced  no  result. 
Since  any  rubies  which  may  have  been  found  in  this  mine  have  probably  been 
washed  down  from  the  ruby-mine  district  by  the  river  Mogaung,  other  deposits 
might  be  expected  along  the  course  of  this  stream.  G.  W.  B. 


EXPERIMENTS  WITH  SAFETY-LAMPS. 

Experiences  sur  les  Lampes  de  Surete.  Rapport  jJresente  a  la  Commission  du  Grisou 
au  nom  de  la  Soiis-commission  chargcc  des  recherehcs  exjJerimcntales.  Annales 
des  Mines,  1892,  series  9,  vol.  i.,2)ages  47-66,  and  plates  III.  and  IV. 

The  experiments  were  made  by  Messrs.  Mallard,  Le  Chatelier,  and  Chesneau  at  the 
Ecole  des  Mines,  in  a  laboratory  fitted  up  for  the  purpose.  No  attempt  is  made  to 
compare  the  inconveniences  or  advantages  of  the  lamps  tried  except  as  to  safety  and 
lighting  power. 

I.  Description  of  the  Apparatus. 

One  apparatus  was  used  for  examining  the  behaviour  of  safety-lamps  when  placed 
in  a  stationary  or  slowly-moving  explosive  mixture  of  air  and  marsh  gas.  The  for- 
mene  was  stored  in  a  gasometer  of  212  cubic  feet  capacity,  from  thence  it  passed  to  a 
meter.  A  fan  worked  by  a  gas  engine  at  the  same  time  passed  air  through  another 
meter.  The  mixed  gas  and  air  passed  by  a  pipe  into  the  base  of  a  square  box  in 
which  the  lamp  was  placed.     This  box  was  glazed  on  four  sides  for  observation,  and 
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fitted  with  a  small  chimney  at  the  top.  Pvegulating  cocks  allowed  the  flow  of  gas 
and  air  through  the  meters  to  be  adjusted.  By  another  pipe  and  cock,  lighting  gas 
could  be  substituted  for  formene.  In  this  apparatus  a  safety-lamp  could  be  kept 
for  several  hours  in  a  known  mixture  of  air  and  formeue  or  air  and  lighting  gas. 

The  second  apparatus  was  used  for  testing  lamp^  in  mixtures  of  air  and  lighting 
gas  moving  at  great  velocities.  The  lighting  gas  passed  through  an  SOO-burner  meter, 
into  the  base  of  an  upright  pipe  into  which  air  was  also  forced  by  a  fan.  The  mixed 
gas  and  air  ascended  the  vertical  pipe  and  passed  into  a  short  horizontal  box  in 
which  the  lamps  were  suspended  opposite  a  window  for  observation.  This  box  was 
movable  on  a  horizontal  pivot  fixed  at  its  junction  with  the  vertical  pipe,  so  that  it 
could  be  moved  or  jerked  by  a  cord  parsing  over  a  pulley  to  the  observer.  The 
velocity  of  the  explosive  mixture  was  measured  by  an  anemometer.  The  pro- 
portion of  gas  was  measured  by  the  meter.  The  composition  of  the  mixture  was 
usually  the  most  explosive  possible.  The  velocity  could  be  raised  to  20  or  23  feet 
per  second,  corresponding  to  33  or  40  feet  in  the  area  occupied  and  restricted  by 
the  lamp. 

II.  Result  of  the  Expebiments. 

Modified  Boty  Lavq). — A  modification  of  the  Boty  lamp,  having  the  gauze 
cylinder  replaced  by  a  cylinder  composed  of  flat  iron  rings  placed  one  above  another 
and  maintained  0-039  inch  apart.  Its  weight,  without  oil,  was  2-96  lbs.  The  inven- 
tor hoped  that  the  large  surface  of  the  flat  rings  between  which  the  air  enters  and 
leaves  the  lamp  would  so  cool  euflamed  gas  as  to  prevent  the  passase  of  flame  even 
in  currents  of  high  velocity.  When  placed  in  a  mixture  of  maximum  explosiveness 
the  wick-flame  was  extinguished,' but  the  gas  contmued  to  burn  in  the  interior  of  the 
ringed  cylinder  which  became  red-hot.  With  a  velocity  of  8'03  feet  per  second, 
(12'13  feet  at  the  lamp)  explosion  did  not  occur  at  the  end  of  10  minutes;  with 
higher  velocities  the  results  were  different,  as  follows  : — With  a  velocity  of  10*66  feet 
per  second  (I5"41  feet  at  lamp)  explosion  in  30  seconds;  with  a  velocity  of  19"18 
feet  per  second  (27'S8  feet  at  lamp)  explosion  in  5  seconds ;  with  a  velocity  of  25-58 
feet  per  second  (34-27  feet  at  lamp)  explosion  instantly.  The  hope  of  the  inventor 
was  not  realized,  as  it  only  required  a  slight  increase  of  velocity  to  pass  the  flame. 

Pieler  Lamp. — This  lamp  has  a  double  gauze  and  a  shield  with  a  longitudinal 
window  for  observation,  closed  by  a  movable  shutter,  and  fed  with  alcohol.  The  weight 
when  empty  was  3-78  lbs.  With  a  velocity  of  8-03  feet  per  second  (15-35  feet  at 
lamp)  the  lamp  with  shield  and  2  gauzes,  the  window  open  and  directed  towards 
the  current,  the  interior  gauze  reddened  strongly  ;  but  explosion  was  not  produced  at 
the  end  of  5  minutes  (the  lamp  was  violently  agitated  in  all  directions  by  sharp 
rotary  movements  of  the  box  by  the  cord).  With  the  same  velocity,  but  the  lamp 
with  shield  and  1  gauze  only,  the  same  result  was  obtained.  Without  the  shield, 
but  with  2  gauzes,  explosion  resulted  in  15  seconds.  With  a  higher  velocity  of  23-61 
feet  per  second  (45-10  feet  at  lamp),  the  lamp  with  shield  and  2  gauzes,  window 
turned  towards  current,  lamp  agitated  in  all  directions,  the  gauzes  reddened 
strongly,  but  no  explosion  after  5  minutes.  Lamp  with  shield  and  1  gauze  same 
experiment  repeated ;  no  explosion  occurred  at  the  end  of  5  minutes,  but  one 
happened  at  the  moment  when  the  gas  was  shut  off,*  flames  produced  by  the  com- 
bustion of  alcohol  vapour  escaped  with  violence  by  the  lower  range  of  holes  in  the 
shield.     These  experiments  show  that  the  Pieler  lamp,  which  is  still  regarded  \x\ih. 

*  Explosions  produced  at  the  very  moment  when  the  gas  was  shut  off  were  observed  rather  frequently 
during  the  experiments.  It  may  perhaps  he  explained  thus:— The  proportion  of  air  being  sharply  in- 
creased the  red-hot  wires  of  the  gau2e  enter  into  combustion  and  ignite  the  still  inflammable  gaseous 
mixture. 


TRANSACTIONS   AND    PERIODICALS.  465 

much  suspicion,  is  safer  than  is  generally  siipposecl,  and  that  the  shield  in  tliis 
lamp  is  a  great  element  of  safety,  even  when  it  is  pierced  by  a  long  but  Harrow 
window. 

Cambesedes  Lavxp. — This  lamp  is  specially  designed  to  give  a  good  light ;  it  is 
constructed  on  the  principle  of  an  argand  lamp,  with  an  oil  reservoir  surrounding 
about  \  of  the  glass,  and  its  lighting  power  is  about  r25  candle-power. 

The  oil  is  kept  at  a  constant  level,  and  the  lamp  was  devised  to  give  more  light 
than  the  ordinary  type  of  lamp ;  that  aim  appears  to  be  successfully  fulfilled,  as 
proved  by  the  photometric  experiments.  The  weight,  when  empty,  is  3"33  lbs.,  and, 
with  oil,  3'63  lbs.  When  placed  in  a  mixturC'Of  air  and  marsh  gas  the  wick-flame 
is  extinguished  and  the  gas  does  not  burn  in  the  interior.  In  a  mixture  of  air  and 
lighting-gas  of  maximum  explosiveness  moving  at  9"67  feet  per  second  (18*20  feet  at 
lamp),  in  one  experiment  the  lamp  went  out  in  a  few  seconds  without  lighting  the 
gas  inside  ;  in  two  other  experiments,  after  the  extinction  of  the  wick-flame  the  gas 
continued  to  burn  inside,  resulting  in  a  heating  of  the  lamp,  which  caused  an 
abundant  escape  of  oil  from  the  reservoir ;  the  experiments  were  stopped  after 
2  minutes.  With  a  velocity  of  lS"3fi  feet  per  second  (3o'09  feet  at  lamp),  exactly 
the  same  results  wese  obtained. 

The  tests  in  presence  of  explosive  gaseous  mixtures  showed  that  in  a  rapid 
current  the  flame  is  not  passed  outwards,  but  sometimes  persists  within  the  lamp, 
and  thus  causes  oil  to  escape  from  the  reservoir. 

Thorneburry  Lamp* — This  is  a  petroleum  lamp,  the  weight,  empty,  being 
3-92  lbs.  The  petroleum  used  is  relatively  heavy,  its  specific  gravity  being  0-831  at 
60  degs.  Fahr.,  flashing  (Abel  test)  at  256  degs.  Fahr.  The  lamp  is  of  excellent 
lighting-power,  the  maximum  light  after  burning  15  minutes  being  l'4-l  candle- 
power,  and,  after  40  minutes,  1-20  candle-power.  The  regulation  of  flame  is 
delicate,  depending  on  temperature.  When  the  lamp  is  placed  in  a  mixture  of  air 
and  fire-damp,  no  cap  is  visible,  on  account  of  the  light.  The  lengthening  of  the 
wick-flame  gives  very  good  indications,  with  l"o  to  3'5  per  cent,  of  fire-damp. 
With  a  greater  proportion,  the  lamp  smokes  and  the  flame  lengthens  considerably. 
For  these  indications  the  flame  must  be  first  regulated  in  fresh  air.  In  a  current  of 
air  and  lighting-gas  at  a  velocity  of  18-20  feet  per  second  (36-40  feet  at  lamp),  the 
lamp  being  in  its  normal  state,  the  wick-flame  extinguished  at  once,  and  the  gas  was 
not  ignited  inside.  With  the  lamp  without  interior  gauze,  the  wick-flame  was 
extinguished,  the  gas  burnt  inside  for  3  or  4  seconds,  and  then  went  out  (two 
experiments).  With  the  lamp  without  gauze,  and  the  proportion  of  gas  gradually 
increased  to  maximum,  the  flame  lengthened  progressively,  smoked,  but  was  not 
extinguished  till  6  per  cent,  of  gas  was  attained  ;  with  more  than  6  per  cent.,  the 
wick-flame  was  extinguished,  and  the  gas  burned  inside  the  lamp  for  2  or  3  seconds 
only ;  and  the  interior  glass  was  broken,  but  not  separated,  when  the  lamp  was 
kept  1  minute  in  the  mixture  of  6  per  cent.  This  glass  being  thin,  it  might  break 
and  fall  in  pieces.  The  lamp  was  therefore  tried  without  the  interior  glass,  with 
a  velocity  of  21-97  feet  per  second  (44-28  feet  at  lamp),  the  wick-flame  was 
extinguished  at  once ;  the  explosive  mixture  burnt  in  the  gauze,  which  heated 
considerably ;  but  there  was  no  explosion  at  the  end  of  5  minutes.  The  lamp 
tried  without  gauze  or  interior  glass  gave  immediate  explosion. 

The  Thorneburry  lamp  possesses  a  high  degree  of  security,  and  gives  a  very 
superior  light.  Till  now,  petroleum  has  not  been  considered  a  safe  oil  for  safety, 
lamps.  There  is  reason  to  consider  whether  there  is  serious  danger  when  a  heavy 
and  not  very  volatile  oil  is  used.  Only  an  explosion  in  the  oil-vessel  is  to  be  feared, 
which  appears  very  unlikely  with  heavy  oil. 

*  Trana.  Fed.  Inst.,  vol.  iil  page  226. 
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Fumat  Lamp. — The  latest  moditication  of  this  lamp  was  used,  in  which  the  air 
enters  through  a  series  of  holes  in  one  side  only  of  the  lower  part  of  a  shield  above 
the  glass- cylinder,  and  the  smoke  escapes  through  the  upper  holes.  The  air  passes 
into  a  sort  of  box,  which  hides  half  the  glass,  and  after  traversing  the  gauzes, 
reaches  the  flame.  The  lamp  burns  well  in  horizontal  or  descending  currents,  but 
not  in  ascending  currents  in  the  absence  of  gas.  It  gives  a  good  light,  equal  to 
0*87  candle-power.  In  a  mixture  of  air  and  marsh-gas  of  maximum  explosiveness, 
it  is  at  once  extinguished.  With  6"5  per  cent,  of  marsh-gas,  it  was  only  extinguished 
after  2  minutes.  In  a  mixture  of  air  and  lighting-gas,  at  a  velocity  of  10'99  feet 
per  second  (37'39  feet  at  lamp),  three  experiments  gave  identical  results  ;  the  wick- 
flame  was  extinguished  at  once,  and  the  mixture  burnt  in  the  gauze  from  10  to  20 
seconds  only,  even  with  the  holes  in  the  shield  facing  the  current.  The  Fumat 
lamp  therefore  possesses  all  the  desirable  guarantees  of  safety. 

Marsaut  Lamp. — After  an  accident  in  St.  Etienne,  in  1889,  suspicion  was  cast 
on  the  Marsaut  lamp,  and  it  was  proved  that  when  placed  in  a  mixture  of  air  and 
lighting-gas,  the  gas  continued  to  burn  in  the  lamp  after  the  extinction  of  the 
wick-flame,  and  fear  was  expressed  that  if  the  lamp  so  remained  for  long,  the  gauze 
might  become  so  hot  as  to  allow  passage  of  flame,  but  Mr.  Marsaut  made  experi- 
ments proving  that  the  fear  was  groundless.  In  order  to  study  this  phenomenon,  a 
large  sheet  of  mica  was  inserted  in  the  shield,  so  that  the  gauze  coul  1  be  seen.  In 
a  mixture  of  air  and  10  per  cent,  of  marsh-gas,  introduced  at  the  rate  of  61  cubic 
inches  per  second,  the  wick-flame  went  out  and  the  gas  burnt  within  the  gauze. 
The  lamp  was  left  in  this  condition  several  times  for  periods  varying  from  1  to  3 
hours,  and  the  gauze  never  sensibly  reddened  or  altered  ;  it  was  therefore  proved 
that  the  imagined  danger  does  not  exist.  In  a  current  of  air  and  lighting-gas  of 
maximum  explosiveness,  at  a  velocity  of  23-61  feet  per  second  (38-24  feet  at  lamp), 
with  the  lamp  in  its  normal  state  (1  shield  and  2  gauzes),  the  wick-flame  was 
extinguished ;  the  gas  continued  to  burn  within  the  gauze,  which  became  red,  but  only 
for  a  fraction  of  an  inch  at  the  base,  and  the  lamp  being  vigorously  agitated,  no 
explosion  occurred  at  the  end  of  5  minutes,  AVith  the  lamp  with  shield  and  1  gauze 
the  same  conditions  gave  the  same  results,  proving  that  %\-ith  only  one  gauze  the 
Marsaut  lamp  was  perfectly  safe. 

Modified  Marsaut  Lamps. — Experiments  were  made  with  the  Marsaut  lamp, 
modified  by  having  a  large  opening  cut  in  the  shield  3-03  by  1-77  inches,  and  with 
another  lamp  with  holes  in  the  top  and  bottom  of  the  shield  opposite  the  gauze,  and 
with  other  modifications.  These  alterations  were  proved  by  experiments  to  interfere 
materially  with  the  safety  of  the  lamp.  W.  N,  A. 


THE  CUVELIER  LOCK  FOR  SAFETY-LAMPS, 

Considerations  siir  la  Question  de  la  Fervietvre  des  Lamjyes  de  Siirete.  By  Joseph 
GOFFIX.  Publications  de  la  Societe  des  Ingenieurs  sortis  de  I'Ecole  Provinciale 
d'Industrie  et  des  Mines  du  Bainaut,  1892,  series  3,  vol.  /.,  ^w^fs  208-215,  and 
one  figure. 

In  the  new  form  of  the  Cuvelier  lock,  as  in  the  old  form,*  the  lamp  is  fastened 
by  connecting  its  upper  and  lower  portions  by  a  bolt.  This  bolt  is  vertical  and  is 
connected  with  a  spiral  spring  tending  to  draw  it  down.  At  its  upper  end  is  a 
groove,  into  which  fits  the  extremity  of  a  horizontal  lever,  so  as  to  keep  it  raised, 
the  lever  being  kept  in  position  by  a  strong  spring.  Against  the  lever  impinges  a 
socket,  into  which  fits  a  rod  with  a  hole  down  through  it,  which  can  be  connected 

*  Trans.  N.E.  Imt.  Min.  Eng.,  col.  xxxvi.,  page  51. 
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with  a  hydraulic  accumulator.  The  pressure  so  exercised  forces  tbe  socket  forward, 
which  reacts  on  the  lever  so  as  to  free  the  head  of  the  bolt ;  and  this  is  forced  down  by 
a  spring  and  the  lamp  unfastened.  It  can  be  refastened  by  simply  raising  the  bolt, 
so  that  the  end  of  the  lever  catches  into  the  groove  around  its  head.  G-.  E.  C. 


RELIGHTIXG  SAFETY-LAMPS  IN  COLLIERIES. 

Note  sur  le  Rallumage  des  Lampcs  de  Su n't e  dans  les  Mines.     By  Joseph  Gofpin. 

Hevue  Unlverselle  des  Mines,  etc.,  1892,  series  3,  vol.  xviii.,  jinrjes  39-19,  and 
plate  II.  (,eiglit  figurex),  and  Publications  de  la  Societe  des  Ingenieurs  sortis 

de  VEcole  Provinciale  d' Industrie  et  des  Mines  du  Hainaut,  1892,  ■'series  d,vol.  i., 
pages  173-187,  and  plate  Xlll. 

One  of  the  great  faults  of  the  Jlueseler  lamp  is  the  ease  with  which  it  is 
extinguished.  Exact  statistics  from  several  collieries  show  that  20  per  cent,  of  the 
lamps  in  use  are  accidentally  extinguished  daily.  This  extinction  causes  great  loss 
of  time,  as  the  lamps  have  to  be  taken  to  distant  places  to  be  re-lighted,  and  it  tempts 
the  workmen  to  open  their  lamps  surreptitiously. 

In  order  to  overcome  this  inconvenience  several  methods  have  been  devised  for 
the  interior  re-lighting  of  lamps.  The  electric  re-lighter  of  Messrs.  Durant  and 
Herbert  (1881)  was  the  first,  or  one  of  the  first  of  these  inventions.  Two  enamelled 
metal  rods  pass  through  the  oil- vessel  of  the  safety-lamp,  one  on  each  side  of  the 
wick-tube,  and  a  thin  platinum  wire  passing  above  the  wick  unites  the  two  rods. 
The  bases  of  the  rods  terminate  in  two  buttons,  intended  to  be  applied  to  the  poles 
of  an  electric  battery  so  as  to  heat  the  platinum  wire.  To  re-light  the  lamp  the 
wick  is  raised  till  it  touches  the  wire,  and  the  bases  of  the  rods  applied  to  the  poles 
of  the  battery;  this  renders  the  wire  incandescent,  and  so  relights  the  lamp. 
This  system  was  adopted  in  one  colliery,  but  its  use  has  been  discontinued. 

The  re- lighting  lamp  of  Messrs.  Mori  and  Rhodes  is  based  on  the  same  principle  as 
the  last  lamp,  but  the  details  of  construction  are  improved.  In  this  lamp  the  platinum 
wire  is  of  a  horse-shoe  shape,  and  is  placed  so  as  to  touch  the  wick.  The  metal  con- 
ductors are  each  made  in  two  portions,  which  are  kept  apart  by  a  spring ;  when 
connected  with  the  electric  battery  the  circuit  is  completed,  the  wire  rendered 
iuc  mdescent,  and  the  wick  re-lighted. 

The  system  of  re-lighting  lamps  by  electricity  does  not  completely  meet  the 
difficulty,  because  the  lamps  require  to  be  taken  to  the  place  where  the  battery  is 
kept,  and  a  number  of  batteries  or  accumulators  have  to  be  placed  in  each  of  the 
various  districts  of  a  mine. 

These  inconveniences  are  entirely  overcome  by  the  use  of  internal  re-lighters,  by 
w^hich  the  wick  is  lighted  either  by  fulminating-caps  attached  to  a  band  of  strong 
paper  or  by  matches. 

The  Wolf  benzine  lamp  is  re-lighted  by  fulminating-caps  ;  a  narrow  roll  of  paper 
to  which  discs  of  the  fulminate  are  attached  is  carried  in  the  base  of  the  lamp,  and 
by  mechanical  contrivances  the  paper  is  drawn  past  the  wick,  and  a  disc  of 
fulminate  ignited  in  proximity  to  it.  This  system  is  only  applicable  to  lamps  fed 
with  volatile  mineral  oils  such  as  benzine.* 

The  writer,  however,  strongly  objects  to  the  use  of  such  volatile  oils  in  safety- 
lamps. 

The  Catrice  re-lighterf  may  be  used  in  lamps  burning  ordinary  oil.     The  lamp  is 

*  Trans.  N.E.  Invt.  Min.  Eiitr,  vol.  xxxiv.,  page  291,  and  plate  XLI. 
t  Jbid.,  vol.  xxxvii,,  abs.,  page  54. 
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re-lighted  by  means  of  a  match,  which,  by  a  mechanical  arrangement  described,  is 
shoved  up  a  tube  alongside  the  wick,  and  ignited  in  its  passage  by  friction.  A 
small  barrel,  somewhat  like  the  barrel  of  a  revolver,  placed  in  the  oil-vessel,  con- 
tains 13  matches,  tipped  with  an  easily-inflammable  chemical  composition,  and  these 
are  used  one  after  another.  W.  N.  A.  and  G.  E.  C. 


TOMMASI  ELECTRIC   SAFETY-LAMP. 

Nouvelle  Lami)e  Electrlque  de  Surde.      By  D.  ToJiMASl.     Feme  Unlverselle  des 

Inventions  Nouvelles.       Edition  A,  1892,  jmujcs  238-289,  and  figure. 

In   the   Tommasi  electric  safety-lamp,   the   glow-lamp  is  enclosed  in  an   air- 

tight  glass  cylinder,  closed  below  by  the  lower  part  of  the  lamp,  and  above  by  a 

cover  fitted  with  a  stop-cock.     In  the  lower  part  of  the  lamp  is  a  pair  of  bellows 

full  of  air,  so  arranged  that  when  full  it  cuts  off  the  electric  current.     To  light  the 

lamp  a  quantity  of  air  is  forced  through  the  stop-cock  in  the  upper  cover.    The 

tension  thus  produced  depresses  the  bellows  and  establishes  the  current.     The  lamp 

is  extinguished  by  opening  the  stop-cock,  which  relieves  the  pressure,  the  bellows 

then  rise,  and  cut  off  the  electric  current.     The  current  is  similarly  cut  off  when 

the  glass-cylinder  is  broken.     If  the  glass  globe  of  the  glow-lamp  be  broken,  the 

air  inside  the  glass-cylinder  expands,  the  bellows  open  and  cut  off  the  current  as 

before.  G.  W.  B. 

THE  WOLF  BENZINE   SAFETY-LAMP.* 

Ueher  einige  j^ralitiscUe   Evfuhrungen  helm    Gehvaucke  der    Wolftschen    Benzin- 

SicherJteitslavijie,      By   P.,   mining   engineer.     Berg-vnd   Hvettemncenni^cTic 

Zeitung,  1891,  vol.  I., pages  193-195, 

The  facility  with  which  the  closed  Wolf  lamp  (in  its  present  perfected  state)  can 

be  immediately  re-lighted,  and  thus  made  use  of  in  rescuing  miners  in  case  of 

serious  accidents,  has  been  proved  at  the  explosion  which  took  place  in  the  Dreifal- 

tigkeit  pit,  Polnisch-Ostrau,  on  January  3rd,  1891,     The  workmen  were  able  to  find 

their  way  to  a  place  of  safety,  thanks  to  the  light  afforded  by  their  lamps  (which 

had  been  extinguished  by  the  rush  of   gases,  but  which  they  had  been  able  to 

re-kindle  at  once). 

In  addition  to  furnishing  a  stronger  and  steadier  light  than  is  the  case  with 
ordinary  oil  safety-lamps,  the  Wolf  lamp  gives  more  timely  and  more  decisive 
indications  of  the  presence  of  fire-damp  ;  the  flame  can  be  so  adjusted  that  a 
practised  eye  may  detect  the  presence  of  1  per  cent,  of  the  gas  in  the  pit.  But 
these  advantages  can  only  be  reckoned  with  on  condition  of  using  perfectly  pure, 
double-distilled  benzine — a  circumstance  often  overlooked  in  practice.      0.  S.  E. 


SALT-MINING  IN  THE  AUSTRIAN  ALPS. 

Der  Saliberghav,  in  den  ostcrreichischen  Alpen.  By  AUGUST  Aigxee.  Bcrg-und 
Huttenmdnnischcs  Jahrhich,  1892,  vol.  xl,,2)ages  203-380,  iLith  three  plates. 
After  a  preliminary  paragraph,  implying  that  no  complete  description  of  salt- 
mining  in  that  part  of  Europe  has  been  published  since  the  appearance  of  Mr.  Eitter 
von  Hauenfels'  paper  in  the  Leohen  Jlinlng  Journal,  in  1853,  the  author  proceeds 
to  consider : — 

*  Trans,  if  E.  hint.  Min.  End.,  voL  xxxiv  ,  page  291,  aud  plate  XLI. 
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I.  The  Saline  Fovmations  in  the  Aljjint  Districts. — These  range  from  Maria 
Zell,  in  the  east,  to  Hall  (Tyrol),  in  the  west,  the  rock-salt  occurring  mostly  in  the 
Werfen  Shales,  the  lowest  division  of  the  Bunter  Sandstone  series  of  the  Trias. 
The  measures  worked  for  salt  are  called  the  Haselgebirge,  and  are,  in  point  of  fact, 
a  chaotic  jumble  of  rock-salt,  saline  and  gypseous  clays,  polyhalite,  anhydrite, 
soluble  magnesium  and  sodium  sulphates,  hepatite,  werfen,  and  other  shales,  etc. 
The  rock-salt  is  extremely  variable  in  colour  and  in  structure ;  the  percentage  of 
pure  sodium  chloride  in  it  varies  from  96  to  100.  The  polyhalite  occurs  in  fibrous 
plates  of  an  inch  or  more  in  thickness,  the  undersides  of  which  have  generally  a 
covering  of  clay  ;  an  average  of  chemical  analyses  shows  that  it  contains  52'9  per 
cent,  of  calcium  sulphate,  9"6  per  cent,  of  magnesium  sulphate,  12-4  per  cent,  of 
potassium  sulphate,  5-i  per  cent,  of  sodium  chloride,  |  per  cent,  of  sodium  sulphate, 
10  01  per  cent,  of  aluminium  silicate,  and  4'2  per  cent,  of  water. 

In  the  Kammergut  the  principal  mines  are  those  of  Aussee,  Hallstatt,  and 
Ischl.  That  of  Aussee  is  the  richest,  the  yearly  brine-production  averaging 
590,000  hectolitres  (13,000,000  galloirs).  In  it  13  adits  have  been  opened,  and  the 
greatest  depth  attained,  which  has  not  yet  touched  the  footwall,  is  544  metres 
(1,785  feet)  ;  the  hanging  wall  is  Zlambach  marl,  a  fossiliferous  stratum,  containing 
about  3  per  cent,  of  calcium  carbonate  and  7"5  per  cent,  of  the  sulphate.  In  the 
Hallstatt  mine  the  hanging  wall  appears  to  be  a  breccia,  in  which  are  commingled 
the  Zlambach  marl,  Hallstatt,  and  Dachstein  limestones,  and  other  strata  broken 
up  by  the  uprise  of  an  intrusive  igneous  mass — identified  as  melaphyre.  Here  15 
adits  have  been  opened  ;  the  greatest  depth  attained  is  450  metres  (1,476  feet),  and 
the  annual  brine-production  averages  1,900,000  hectolitres  (42,000,000  gallons).  In 
the  Ischl  mine,  where  a  depth  of  723  metres  (2,372  feet)  has  been  reached,  though 
the  footwall  is  as  yet  unknown,  the  strata  occur  in  undisturbed  succession.  The 
adits  are  14  in  number,  and  700,000  hectolitres  (15,000,000  gallons)  of  brine  are 
produced  yearly. 

Turning  now  to  another  district,  the  Hallein  mine  is  worked  in  an  overfold, 
the  extent  and  depth  of  which  are  unknown.  The  strata  here  are  reckoned  to  be 
about  as  rich  in  salt  as  those  of  Ischl ;  the  annual  brine-production  averages 
834,000  hectolitres  (18,500.000  gallons).  It  is  noticeable  that  a  large  proportion 
of  magnesium  chloride  is  present  in  the  salt  deposit.  The  saline  measures  of 
Bercbtesgaden  are  practically  a  continuation  of  those  of  Hallein,  and  the  brine 
produced  from  them  annually  amounts  to  1,200,000  hectolitres  (26,500,000  gallons). 
In  that  neighbourhood  salt-mining  is  of  very  ancient  date,  and  the  industry  was 
carried  on  under  the  rule  of  the  mediasval  bishops  of  Salzburg  and  provosts  of 
Berchtesgaden.  The  Hall  (Tyrol)  mine  is  worked  in  the  Keuper — that  is,  at  a  far 
higher  geological  horizon  than  the  other  mines,  and  the  saline  deposit  is  very  poor, 
the  maximum  percentage  of  salt  being  35.  The  strata  appear  to  have  been  much 
affected  here  by  dynamic  influences,  one  proof  of  such  action  being  the  occurrence 
of  galena  in  contact  with  the  rock-salt.  The  greatest  depth  struck  is  300  metres 
(984  feet),  and  the  annual  brine-production  averages  523,000  hectolitres  (11,500,000 
gallons). 

The  author  discusses  at  considerable  length  the  question  of  the  origin  of  the 
salt-deposits,  and  enumerates  his  conclusions  in  the  following  summary  of  the 
phases  of  formation  : — 

1.  Evaporation  (disturbed  by  earth-movements)  of  concentrated  mother  liquors, 
accompanied  by  vast  accession  of  heat  from  the  underlying  strata,  or  even  by 
atmospheric  evaporation  ;  and  horizontal  deposition  of  the  clays. 

2.  Squeezing  and  folding  of  the  saline  beds  at  a  later  epoch,  under  enormous 
pressure. 
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3.  DTnamic  action  (eruptive  rocks)  clue  to  causes  partly  active  at  the  surface, 
partly  at  great  depths,  and  contemporaneous  destruction  of  the  entire  complex  of 
strata — forming  the  Haselgebirge  measures. 

4.  Partial  folding  of  the  mass  of  the  Haselgebirge,  by  means  of  lateral  pressure 
ensuing  on  mountain-formation,  and  dynamic  influences  continuing  active  down  to 
recent  times. 

II.  Method  of  Worlihifi  the  Salt-deposits. — The  salt  layer,  being  presumably 
first  proved  by  a  borehole,  a  shaft  sloping  at  an  angle  of  40  degs.  is  driven  down  to 
the  required  spot  from  the  gallery  or  upper  level  ;  it  is  provided  with  a  stairway 
and  hand-rail  and  pipes  for  taking  the  fresh  water  down  to  the  salt.  The 
chamber  cut  in  the  rock-salt  preliminary  to  convei-sion  of  the  rock  into  brine  is 
usually  elliptical.  Preference  is  given  to  this  form,  because  in  measures  which  are 
unequally  saline  the  short  axis  of  the  ellipse  can  be  made  parallel  to  the  strike  of 
the  rock-salt  debris,  with  a  view  to  a  future  cutting-off  of  the  chamber.  As  to 
the  methods  of  bringing  the  brine  from  the  pit  bottom,  the  author  describes  some 
which  have  a  purely  academic  interest,  for  they  appear  to  be  discarded  nowadays  ; 
and  even  of  the  others  he  remarks,  on  page  246,  that  they  are  all  antiquated,  except 
the  Ebenwehre  or  horizontal  system,  which  is  the  cheapest  and  simplest.  (It  is 
illustrated  in  Fig.  4,  of  Plate  Y.,  in  the  original  paper.)  The  mechanical  details  in 
this  section  of  the  paper  can  hardly  be  summarized  in  the  absence  of  the  descriptive 
illustrations,  but  they  do  not  seem,  on  the  whole,  likely  to  be  of  much  practical 
value  for  the  English  reader.  The  paper,  so  far  as  published,  winds  up  with  a  series 
of  theoretical  considerations,  largely  mathematical,  on  changes  of  volume  (in  salt 
and  water)  consequent  on  the  production  of  brine.  O.  S.  E. 


SALT   IXDUSTEY  IX  ITALY. 

Hine  nene  Saline  in  Italien.    By  F.  B.    Berg-und  HuettenriKennische  Zeitnng,  1892, 

vol.  li.,  pages  347-348. 

The  rocky  island  of  Ischia  in  the  Gulf  of  Naples  is  of  volcanic  origin,  and  is  well- 
known  for  its  hot  mineral  springs,  the  town  of  Casamicciola  on  its  northern  slope 
being  a  favourite  watering-place.  The  highest  hill  on  the  island  is  the  steepsided 
Mount  Epomeo,  and  between  its  southern  base  and  the  sea  there  is  a  gently  inclined 
sandy  beach  called  ''dei  Maronti"  about  a  mile  and  a  quarter  long  by  130  feet 
broad,  which  is  constantly  warm  even  below  low  water-mark  ;  summer  and  winter 
it  has  a  temperature  of  122  degs.  Fahr.  at  a  foot  below  the  surface,  the  heat  increas- 
ing with  the  depth  to  221  degs.  Fahr.  at  39  inches  down.  Experiments  at  diflEerent 
points,  in  different  seasons,  and  in  different  years,  have  given  nearly  the  same 
results.  The  waters  of  two  brooks,  flowing  down  from  the  mountain  over  this 
expanse,  have  temperatures  of  from  160  to  210  degs.  Fahr. 

On  the  strength  of  the  above  experiments,  a  company  approached  the  Govern- 
ment for  a  concession  to  win  salt  from  the  sea  by  the  aid  of  tanks  embedded  in  the 
"  dei  Maronti "  sand.  It  was  shown  that  sea-water  contained  in  a  zinc  box  39 
inches  sqitare  imbedded  in  the  hot  sand,  evaporated  within  three  days  without 
boiling  or  bubbling,  leaving  all  its  contents  of  salt  behind  dry,  and  the  experiment 
was  repeated  in  100  different  places  with  a  like  result.  The  Government  agreed  to 
grant  the  concession,  and  preparations  were  being  made  to  carry  on  the  work  with 
large  tanks  39  inches  deep,  having  their  upper  edges  level  with  the  sea,  when  the 
destruction  of  Casamicciolo  by  an  earthquake  stopped  the  enterprise,  and  the  con- 
cesssion  lapsed. 
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It  was  calculated  that  one  ton  of  common  salt,  which  in  Italy  costs  abont  42s., 
could  be  sold  at  a  profit  for  12s.  The  sea-water  round  Ischia  containing  26^  per 
cent,  of  common  salt,  and  14  per  cent,  of  secondary  salt,  a  basin  39  inches  deep 
with  an  area  of  247  acres  would  produce  122,000  tons  of  common,  and  64,845  tons  of 
secondary  salt.  In  other  Italian  salt-works  41  tons  of  coal  are  burnt  per  100  tons  of 
salt  produced,  but  at  Ischia  the  only  work  required  would  be  the  opening  and 
shutting  of  the  sluices,  the  collecting  of  the  salt  when  dried,  and  the  watching  of 
the  course  of  the  evaporation. 

The  temperature  being  constant  and  the  boiling  of  the  solution  impossible,  the 
common  salt  would  first  be  given  off  and  obtained  almost  pure.  The  making  of  the 
secondaiy  salt  would  be  easily  and  cheaply  effected  by  means  of  the  hot  streams 
already  mentioned. 

The  cost  of  making  the  salt  is  reckoned  at  about  2s.  per  ton.  A.  R.  L, 


THE  SALT  LAKES  OF  SOUTH-WESTERN  SIBERIA. 

Die  Salzaeeii  con  S-W.  Sihirien.    By  R.  Helmhacker.      Berg-uml  lluetten- 
manii'iHclie  Zeltnng,  1892,  vol.  li.,  jMgeii  233-23.5. 

In  the  low-lying  steppes  of  8outh-Western  and  of  the  northern  part  of  Mid 
Siberia  is  a  large  tract  of  slightly  depressed  country  studded  with  numberless  salt- 
lakes,  which  are  gradually  drying  up.  They  are  the  remains  of  a  large  sheet 
of  brackish  water  which  once  included  the  Aral  and  Caspian  seas,  these  two  latter 
having  within  a  few  decades  themselves  perceptibly  decreased  in  area.  The  surface 
formation  in  these  districts  is  a  clayey  sand  alternating  with  sandy  clay  of  a  light 
brown  or  light  grey  colour,  covered  with  a  thin  stratum  of  soil  in  which  flourishes  a 
very  profuse  vegetation. 

The  original  sea  having  been  brackish,  the  lakes,  as  they  dry  up,  become  con- 
stantly more  salt,  and  deposit  in  greater  or  less  quantities  and  proportions  common 
salt  (chloride  of  soda),  bitter  salt  (sulphate  of  magnesia),  Glauber  salt  (sulphate  of 
soda),  and  other  salts.  Many  of  them  deposit  a  thick  crust  of  salt  on  their  beds, 
which  is  collected  round  their  margins  in  summer  when  evaporation  diminishes 
their  area.     Other  lakes  again  are  not  sutficieutly  salt-bearing  to  form  such  deposits. 

The  lakes  belong,  some  to  the  Privy  Exchequer  of  the  Czar,  some  to  the  Russian 
State,  and  others  to  the  Kirghiz. 

Common  salt  is  the  kind  most  extensively  met  with,  and  this  is  dredged  up  or 
collected  round  the  edges  of  the  lakes  and  heaped  up  on  land,  to  be  dried  and 
separated  from  sand  and  other  impurities  by  the  summer  sun.  It  is  sent  to  market 
in  boats  on  the  rivers  Irtish  and  Isym,  or  in  winter  by  sledges. 

The  proportion  of  salt  in  the  water  varies  very  much  in  different  lakes,  and  a 
large  number  of  them  are  not  worth  working,  but  these  will  become  more  and 
more  salt  as  they  dry  up,  and  may  be  profitably  worked  at  some  future  period. 

A.  R.  L. 


THE   BROKEN   HILL  MINES,  NEW  SOUTH  AVALES. 
On  the  Geological  Occnrrence  of  the  Brolwii  Hill  Ore-depoHits.      By  E.  F.  PlTT- 
MAN.     Becordu  of  the  Geological  Survey  of  Xew  South  Wales,  1892,  vol.  Hi., 
pages  45-49. 

The  geological  occurrence  of  the  Broken  Hill  lode  presents  many  analogous 
features  to  the  well-known  saddle-formation  of  Bendigo,  Victoria.  In  the  latter 
case   the  strata  consist  of   Lower   Silurian  slates  and  sandstones,  contorted  into 
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anticlines  and  synclines.  The  saddles  are  found  at  the  apices  of  the  anticlines,  the 
legs  thinning  out  and  disappearing  in  depth,  other  saddles  being  found  immediately 
iinderneath  at  greater  or  less  depth.  The  reefs  are  associated  with  narrow  intrusive 
dykes  of  dolerite,  which  have  doubtless  influenced  their  mineralization. 

The  Broken  Hill  district  is  composed  of  crystalline  gneisses,  passing  into  banded 
quartzites,  micaceous  and  hornblendic  schists,  and  garnetiferous  sandstones,  similarly 
contorted.  Their  age  is  uncertain,  but,  according  to  the  late  Mr.  Wilkinson,  they 
are  as  old  as  Lower  Silurian,  and  probably  older.  Intrusive  dykes  of  highly-basic 
diorite  extend  roughly  parallel  to  the  hill  on  both  sides,  the  hill  itself  corresponding 
to  one  of  these  anticlines.  The  ridge  consists  of  the  outcrop  of  the  lode — a  mass  of 
manganiferous  iron  ore.  Below,  in  the  mine,  the  lode  is  found  to  divide  into  two 
branches,  dipping  east  and  west  respectively.  The  dividing  rock,  which  has  been 
variously  spoken  of  as  horse  and  intrusion,  has  not  the  character  of  either.  Its 
foliations  indicate  that  it  is  the  cap  of  an  anticline,  and  suggests  that  the  lode 
itself  is  similar  to  the  Bendigo  saddles. 

This  intrusion  is  found  at  differing  depths  in  the  various  mines  along  the  hill, 
which  is  another  point  of  similarity  with  the  Bendigo  saddles,  the  rocks  enclosing 
which  are  contorted  into  curves  along  their  line  of  strike  as  well  as  transversely. 

The  Broken  Hill  deposit,  however,  differs  from  the  Bendigo  reefs  in  dimensions 
and  character  of  gangue  and  mineralization,  the  latter  consisting  of  auriferous 
quartz  with  a  little  iron  pyrites,  while  the  former  consists  at  the  outcrop  of 
manganiferous  ironstone,  succeeded  by  kaolin  and  oxidized  lead  ores,  followed  in 
depth  by  lead  and  zinc  sulphides. 

If  the  author's  theory  prove  correct,  both  portions  of  the  Broken  Hill  deposit 
will  probably  thin  out  and  disappear  in  depth — fortunately  as  yet  a  remote  con- 
tnigency.  On  the  other  hand,  it  is  possible  that  by  boring  through  the  cap  of  the 
anticline  other  deposits  might  be  found  more  or  less  vertically  underneath. 

G.  E.  C. 


DRAINAGE  OF  SINKING  SHAFTS:     TOMSON  SYSTEM. 

Creusi'iucnt  des  im'itfi  avec  ejntiscvicnt  par  iiiachine  (Vextvaction,  Kysteme  Eng. 
Tomson.  By  A.  DE  Y.  Itrciie  UniverxeUe  des  Mines,  181)3,  series  3,  vol.  xai., 
j>affes  225-227,  and  one  jdttte. 

The  No.  1  shaft  of  the  Preussen  mine,  near  Galunen,  formerly  bearing  the  name 
of  Gustavus  Adolphus,  had  been  commenced  in  the  spring  of  1873,  but  was 
abandoned  in  1875,  owing  to  the  sudden  irruption  of  a  large  quantity  of  water  at 
the  depth  of  890  feet,  the  water  flowing  out  to  the  surface. 

The  level  of  the  water  having  fallen  after  a  certain  time,  the  pit  was  filled  in 
with  concrete  to  a  height  of  about  150  feet,  that  is,  to  a  depth  of  7iO  feet  from  the 
surface,  and  it  remained  in  this  state  until  1891. 

There  were  two  winding-engines  with  two  cylinders,  31  inches  and  18  inches  in 
diameter  respectively,  with  fil  inches  and  31  inches  strokes,  and  a  strong  steam- 
winch.  The  first  of  these  machines  was  employed  in  drawing  water,  the  second  for 
sending  down  the  workmen,  material,  and  winding  up  of  the  excavated  matter;  the 
winch  was  used  for  working  a  movable  platform  suspended  in  the  shaft. 

The  main  difficulty  was  to  fill  the  kibble  rapidly  and  completely,  and  to  keep  the 
bottom  of  the  sinking  free  from  a  quantity  of  water  not  exceeding  50  gallons  per 
minute.  This  difticulty  w-as  overcome  by  the  installation,  at  some  feet  from  the 
bottom,  of  sheet-iron  tanks,  into  which  the  water-tubs  dipped,  these  tanks  being 
kept  full  by  means  of  a  pulsometer  pump  suspended  at  the  bottom  of  the  shaft. 
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The  water-tubs  were  guided  by  two  small  steel-wire  ropes,  which  were  also  used 
to  support  the  sheet-iron  tanks.  At  the  surface  these  ropes  passed  over  pulleys  to 
the  steam-winch. 

The  water-tanks  were  connected  at  the  bottom,  and  were  a  few  inches  greater 
in  diameter  than  the  water-tubs,  and  about  3  feet  longer. 

The  pulsometer  pump  was  placed  on  the  same  cradle  as  that  supporting  the  tanks, 
or  it  might  be  suspended  by  a  special  rope  from  the  winch  at  the  surface.  Having  to 
raise  the  water  only  a  small  height  the  pulsometer  pump  acted  excellently  under  these 
conditions.  The  steam  was  carried  to  it  by  a  2f  inches  wrought-iron  pipe  well 
covered. 

The  whole  of  the  installation  could  be  lowered  proportionally  as  the  depth  of 
the  sinking  increased,  or  raised  to  the  surface  again,  when  it  was  desired  to  clear 
the  whole  of  the  pit  at  any  time. 

The  shaft  was  opened  from  a  depth  of  7-iO  to  850  feet,  and  the  walling 
completed,  drawing  at  the  same  time  a  feeder  which  finally  increased  to  300  gallons 
per  minute.  R.  A.  S.  R. 

THE   POETSCH    METHOD    OF   SINKING.* 

E'm  nener  Erfolg  des  PoticKschen   Gefrlenicrfahrcns  beim  Schaehtahtcufen.     Btj 
W.  SCHULZ.     Glucliuuf,  1892,  tol.  xxvUU,  pages  1053-1056. 

In  the  middle  of  October,  1892,  the  author  (then  visiting  the  Lens  collieries  in 
Northern  France)  went  down  No.  10  shaft,  which  had  been  successfully  sunk  to  the 
coal-measures  by  the  Poetsch  freezing-process ;  and  at  the  same  time  he  saw  the 
process  in  actual  operation  in  the  No.  10  bis  shaft,  which  is  just  100  feet  distant 
from  the  first-mentioned  shaft. 

The  strata  through  which  both  shafts  were  sunk,  down  to  about  138  feet  from  the 
surface  contain  a  good  deal  of  water.  In  descentling  order  we  have  32  feet  of 
alternating  sands  and  sandy  and  marly  clays ;  and  then  100  feet  of  Cretaceous 
rocks,  consisting  partly  of  soft,  clayey  chalk,  and  hard,  much-jointed,  loose  chalk 
with  flints,  antl  partly  of  massive  beds  of  very  hard  chalk  ;  below  this  comes  an 
absolutely  impermeable  layer  of  clay,  overlying  a  water-bearing  blue  marl  (which 
yields  from  3  to  3^  cubic  feet  per  minute).  The  sequence  of  the  strata  had  been 
ascertained  by  means  of  a  boring  to  a  depth  of  264  feet. 

In  sinking  shaft  No.  10  the  ordinary  methods  were  at  first  used  ;  cast-iron 
tubbing,  1  inch  thick,  and  15f  feet  in  inside  diameter  was  put  in  resting  on  three 
wooden  wedging-cribs,  and  the  space  betwixt  the  iron  tubbing  and  the  outer  wall 
of  masonry  was  filled  with  concrete.  The  iron  tubbing  was  built  up  of  39  inches 
rings,  six  segments  to  each  ring,  and  was  continued  below  by  a  tubbing  of  oaken 
timber  (about  6  inches  thick).  The  sinking  was  then  carried  on  by  piling,  but  at 
a  depth  of  84  feet  from  bank,  the  shaft  was  flooded  and  filled  with  mud  through  the 
breakage  of  a  piece  of  timber  on  the  north  side  of  the  shaft.  The  inrush  of  water 
increasing  to  875  cubic  feet  per  minute,  and  the  rate  of  progress  of  the  sinking 
during  the  preceding  fortnight  having  been  practically  nil,  the  engineers  decided  to 
resort  to  the  Poetsch  process.  The  pumps  were  accordingly  withdrawn,  8  boreholes 
were  pierced  within  the  area  of  the  shaft,  and  20  without  it,  down  into  the  above- 
mentioned  blue  marl,  to  a  depth  of  5  feet  below  the  clay  which  upholds  the  water 
and  136  feet  from  the  surface.  This  was  done  by  a  method  of  cable-boring  invented 
by  Mr.  Reumaux,  the  manager  of  the  Lens  collieries,  and  the  holes  were  lined 
temporarily  with  tubing  which  was  taken  out  after  the  freezing  pipes  had  been 

*  Tranii.  Fed.  Inst.  Min.  Eny.,  vol.  ii.,  page  441,  and  plate  XLI.;  and  vol.  iii.,  page  1023 
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placed  in  position.  The  freezing  liquid  was  a  solution  of  chloride  of  calcium  cooled 
by  an  Osenbn'ick  ammonia-refrigerator  ;  the  liquid  was  led  into  the  freezing-pipes 
at  an  initial  temperature  of  20  degs.  Fahr.,  which  was  reduced  later  on  to  a 
minimum  of  2  degs.  Fahr.,  and  was  pumped  back  to  the  refrigerator  at  tempera- 
tures of  27  degs.  Fahr.  and  7  degs.  Fahr.  respectively.  The  process  of  freezing 
went  on  for  203  days,  but  the  sinking  operations  were  not  started  till  the  228th 
day.  Mr.  Reumaux  calculated  that  the  beds  which  were  frozen  contained  about 
40  per  cent,  of  water. 

The  sinking  in  the  frozen  mass  was  carried  on  partly  by  means  of  shot-firing, 
and  when  the  blue  marl  had  been  reached  the  innermost  freezing-pipes  were 
removed.  Cast-iron  tubbing,  lof  feet  in  inside  diameter,  was  iiow  put  down 
in  two  lengths  of  78  and  29  feet  respectively,  having  10  segments  and  140  screwbolts 
to  each  5  feet  ring.  The  thickness  of  the  upper  portion  of  the  tubbing  was 
1*33  inches  of  the  lower  portion  1-66  inches. 

After  the  completion  of  this  tubbing,  instead  of  the  strata  being  allowed  to 
thaw  the  sinking  was  continued  through  grey  and  blue  chalk  marl  down  to  172 
feet  from  bank,  whilst  the  freezing  solution  was  made  to  circulate  as  before, 
through  the  outermost  pipes  which  had  not  been  removed.  From  this  chalk  marl 
water  flowed  into  the  shaft  at  the  rate  of  about  3  cubic  feet  per  minute,  but  the 
waters  from  the  overlying  strata  were  completely  shut  off.  The  cast-iron  tubbing 
being  completed  down  to  the  172  feet  level,  the  frozen  strata  were  thawed  V)y 
leading  steam  through  the  pipes,  and  these  were  then  taken  out.  The  sinking 
thereafter  progressed  without  any  noteworthy  occurrence,  and,  at  the  time  of  the 
author's  visit,  Xo.  10  shaft  was  in  coal-measures  at  a  depth  of  570  feet ;  the  inflow 
of  water  at  this  depth  was  only  1  cubic  foot  per  minute. 

The  Poetsch  process  was  made  use  of  from  the  first  in  sinking  No.  10  bis  shaft ; 
54  days  were  occupied  in  the  preliminary  borings,  etc.,  and  the  process  of  freezing 
was  continued  for  75  days.  The  sinking  was  carried  on  by  means  of  blasting  with 
compressed  black  powder  ;  the  gunpowder  fumes  were  taken  off  by  an  air-channel 
which  communicated  with  a  chimney  ou  the  surface.  The  structural  arrangements 
were,  on  the  whole,  miich  the  same  as  in  Xo.  10  shaft :  cast-iron  tubbing,  12  feet  in 
internal  diameter,  and  wooden  wedging-cribs  were  used.  In  the  middle  of  October. 
1892,  the  shaft  was  yet  being  deepened;  it  was  lighted  by  electric  (incandescent) 
lamps,  and  six-hour  shifts  of  eight  men  each  were  busied  in  building  up  the  tubbing. 
The  temperature  in  the  shaft  varied  between  23  and  25  degs.  Fahr.,  and  it  was 
not  the  iutention  of  the  engineers  to  thaw  the  frozen  strata  until  the  shaft  had  been 
carried  down  to  a  depth  of  at  least  170  feet  from  the  surface. 

No.  10  bis  shaft  was  completed  in  22'J  days,  or  an  average  advance  of  0*66  foot 
per  diem,  a  result  which,  under  the  circumstances  (water-feeder  of  850  cubic  feet 
per  minute)  was  marvellous. 

In  November,  1892,  another  shaft  was  being  sunk  by  the  Poetsch  process  in  the 
Pas  de  Calais,  at  the  Dourges  collieries. 

The  drowning  of  No.  10  shaft  up  to  sea-level  had  the  result  of  providing  the 
shaft  with  sxifiicient  resistance  to  withstand  the  crushing-in  pressure  of  the  rocks 
(whilst  arrangements  were  being  made  to  restart  the  sinking  by  the  Poetsch  process), 
and  the  author  suggests  that  in  similar  cases  which  may  arise  in  the  future,  it  would 
be  advantageous  to  flood  a  shaft  by  artificial  means.  Further,  he  draws  attention  to 
the  following  conclusions  : — 

1.  Hard,  dense  rocks  offer  no  obstacle  to  the  freezing  process.     The  much-jointed 

loose  chalk  was  frozen  into  so   firm  a  mass    that    blasting  was  found 
necessary  to  break  it  down. 

2.  Neither  walls  nor  iron  tubbing  suffer  from  the  frost. 
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S.  The  chauces  of  ill-success  with  the  Poetsch  process  are  largely  obviated  if,  as 
in  the  case  of  No.  10  and  No.  10  bis  shafts,  the  freezing  process  is  only 
put  an  end  to  after  the  provision  of  a  sufficiently  high  foundation  beneath 
the  ice  wall  or  mass  of  frozen  strata. 

4.  Clayey  bands  alternating   with   sandy   or   stony  beds  constitute   a  distinct 

disadvantage,  for  the  clay  freezes  much  more  slowly  and  freezes  less  hard 
than  the  other  strata.  Herein  practice  confirms  the  experiments  of  Mr. 
Alby.*  Indeed,  plastic  clay  on  freezing  assumes  a  shaly  structure,  and  in 
cases  where  it  alternates  with  sands,  the  dissimilar  behaviour  of  the  strata 
induces  breakage  of  the  freezing-pipes.  Breakages  could  perhaps  be 
avoided  if  the  lining-tubes  of  the  preliminary  boreholes  were  left  in  place 
instead  of  being  withdrawn,  so  that  the  freezing-pipes  within  them  would 
be  throughout  in  direct  contact  with  a  sheet  of  ice.  Another  disadvantage 
of  alternating  sands  and  clays  or  other  strata  is  the  production  of  fissures 
in  the  ice- wall,  but  it  is  fair  to  state  that  in  the  two  sinkings  above  described 
such  fissures  have  had  no  injurious  effect  worth  mentioning. 

5.  Mr.  Reumaux   stated  that  an  additional  advantage  of  the  Poetsch  process 

consisted  in  its  small  cost,  but  sufficiently  full  data  in  support  of  this 
assertion  are  not,  so  far,  forthcoming.  O.  S.  E. 


COAL-SCREENING  IN  THE  UNITED  STATES. 
Tlie  Iron  Brealter  at  Drifton,  lolth  a  Descrqitmi  of  some  of  the  Maclihiery  used 
for  Handling  and  Preparing  Coal  at  the  Cross  Creelt,  Collieries.    By  Eckley 
B.  COXE.      Transactions   of  the  American   Institute   of  Mining   Engineers, 
1890,  vol.  xi.i\, pages  398-474,  and  i^  plates. 

Anthracite  coal  as  it  comes  from  the  mines  is  not  marketable,  owing  to  the  fact 
that  it  will  not  burn  freely  unless  the  lumps  are  practically  of  a  uniform  size.  In 
addition,  a  considerable  quantity  of  shale  occurs  with  the  pure  coal.  Slate  coal  is 
lumps  composed  partly  of  slate  (shale)  and  partly  of  coal,  the  latter  in  large  masses. 
On  breaking  these,  pieces  of  pure  coal  of  marketable  size  can  be  obtained  economi- 
cally. Bone  coal  consists  of  shale  and  coal  so  interstratified  that  they  cannot  be 
separated  economically  by  mechanical  preparation. 

The  coal  coming  from  the  mines  is  first  tipped  on  to  a  fixed  bar-screen,  and  the 
large  coal  passed  by  shoots  on  to  a  movable  bar-screen  ;  the  small  coal  falling 
through  both  screens  is  collected  together  for  further  treatment.  Up  to  this  stage 
only  two  sizes  are  made,  each  of  which  is  treated  separately.  The  large  coal  is 
divided  into  three  sorts — (a)  shale  and  slate,  which  goes  to  the  dirt-heap  ;  (J)  pure 
coal,  sold  as  lumps  if  there  is  any  market  for  it ;  (c)  slate  coal,  too  impure  to  go  to 
market  in  its  existing  condition.  Sometimes  the  shale  can  be  chipped  off  with  a 
pick,  but  more  generally  the  mixture  has  to  be  crushed  by  rolls  and  the  product 
sized  by  screens,  the  dirt  being  removed  by  hand-picking  from  the  larger  qualities 
and  by  washing  from  the  smaller  ones.  The  pure  coal  is  also  passed  through  rolls 
and  afterwards  sized  by  screens. 

The  small  coal  that  passes  through  the  fixed  and  movable  bar-screens  is 
conveyed  to  two  screens,  each  of  which  makes  three  sizes,  called  "steamboat," 
"  broken,"  and  "  egg."  The  small  coal  passes  to  another  pair  of  screens,  known  as 
the  stove  or  wet  screens.  The  steamboat  coal  from  both  screens  passes  via  a 
picking-shoot  to  a  loading-shoot,  provided  all  this  quality  can  be  sold  ;  if  it  cannot, 
a  portion  is  passed  through  a  set  of  rolls  and  separated  by  screens  into  "  broken," 

*  Annales  des  Mines,  series  8,  vol.  si.,  page  56. 
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"egg,"  "stove,"  "chestnut,"  "pea."  buckwheat  No.  1,  No.  2,  and  No.  3,  and  dust. 
All  the  coal  which  passes  to  the  stove  or  wet  screens,  is  there  divided  into  seven 
of  the  sizes  above-mentioned,  ranging  from  "stove"  to  dust,  or  rather  slime,  as 
these  screens  are  worked  wet,  i.e.,  a  large  amount  of  water  is  put  on  them.  All  the 
wet  coal  from  these  screens  is  cleaned  in  jigging  coal-washers  of  the  Liihrig  type. 

The  rolls  employed  for  breaking  the  coal  tiiffer  from  those  generally  adopted, 
inasmuch  as  the  teeth  are  continuous  from  one  end  to  the  other.  There  are  no 
pointed  teeth,  as  it  is  found  that  these  have  a  tendency  to  split  up  a  lump  of  coal 
into  small  pieces  in  the  same  way  that  the  blow  of  a  pick  does.  It  has  also  been 
found  advisable  to  use  a  separate  set  of  rolls  to  break  each  size,  as  if  a  piece  of  any 
size  is  simply  broken  as  nearly  as  possible  into  two  (for  the  next  size),  the  amount 
of  small  coal  made  is  much  less  than  if  the  same  size  were  struck  near  the  centre 
with  a  pick  and  broken  into  a  number  of  fragments.  The  production  of  "  dust "  is 
avoided  as  much  as  possible,  as  it  is  quite  unsaleable. 

The  movable  bar-screens  are  a  modification  of  the  Briart  screen.  Each  screen 
consists  of  a  series  of  double  bars  placed  sufficiently  far  apart  to  allow  coal  of  the 
required  size  to  pass  through.  Each  set  of  bars  is  driven  by  an  eccentric,  and  one 
set  is  always  below  the  second  set  when  moving  forward,  but  above  when  moving 
backward.  In  the  Briart  screen  the  shafts  which  carry  the  bars  rise  and  fall  the 
same  distance  as  they  move  forward,  while  in  this  construction  they  only  move  up 
and  down  half  as  much  as  they  move  forward.  It  was  found  that  with  the  Briart 
construction  the  coal  was  thrown  up  and  down  too  much  when  it  was  fed  forward 
with  any  rapidity. 

Perhaps  the  most  interesting  feature  is  the  movable  screen  designed  by  Mr. 
Coxe,  where  the  screening  surface  is  approximately  horizontal,  but  the  motion  and 
action  is  similar  to  that  which  a  moulder  gives  to  a  sieve  when  screening  sand. 
Although  such  screens  have  been  used  in  small  sizes  in  metal-mining,  the  chief 
difficulty  in  constructing  a  large  gyrating  screen  making  a  number  of  sizes  was  to 
support  it  so  that  it  would  gyrate  easily  and  safely,  and  at  the  same  time  be  self- 
contained,  so  that  the  centrifugal  force  will  be  counterbalanced  and  will  not  shake 
the  building.  This  has  been  done  by  a  method  which  essentially  consists  in 
supporting  one  horizontal  plate  upon  another  by  means  of  three  or  more  double 
cones,  while  the  motion  of  gyration  is  given  to  the  upper  plate  by  a  crank  upon  a 
shaft  passing  through  and  journalled  in  the  lower  plate.  Some  of  these  double 
gyrating-screens  have  4  to  8  shelves  put  in,  make  from  5  to  9  sizes,  and  weigh 
10  tons ;  the  screening-surfaces  have  always  circular  holes,  varying  from  5^  inches 
to  ^th  inch  in  diameter.  The  inclination  of  the  shelves  is  slight,  varying  from 
ith  inch  to  the  foot  (for  the  largest  size)  to  1^  inches  to  the  foot  (for  the  dust.) 

The  automatic  slate-pickers  <vhich  are  used  depend  for  their  action  on  the  fact 
that  while  the  coal  generally  breaks  into  cubical  masses,  the  pieces  of  shale  of  the 
same  length  and  width  are  of  much  less  thickness.  Hence,  if  a  quantity  of  coal  and 
shale  has  been  passed  through  a  screen  and  properly  sized,  the  shale,  if  placed 
edgewise,  would  drop  through  a  slit  over  which  the  coal  would  pass.  The  shale- 
pickers  consist  of  a  series  of  V-troughs,  one  side  of  the  V  being  shorter  and  at  right 
angles  to  the  other.  The  lower  half  of  the  casting  has  a  taper  slit  in  the  short  side, 
and  these  slits  widen  as  they  approach  the  lower  end.  This  is  an  important  point, 
as  if  the  slits  were  made  parallel  they  would  soon  clog. 

The  height  of  the  breaker  from  the  railway  track  to  the  point  where  the  coal  is 
tipped  is  79  feet,  and  the  greatest  amount  of  coal  which  has  been  screened  and 
cleaned  is  a  little  over  260  tons  per  hour,  but  the  breaker  has  not  been  running  long 
enough  to  determine  its  maximum  capacity.     No  costs  are  given.  H.  W.  H. 
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MINERS'  CHANGING  AND  WASH-HOUSES. 
Beschrcihung  e'niigcr   Wohlf(ihrt.seinri('litvngen  auf  der  KunigUchen   Stehikohlcn- 

grvbe  Diidweiler  hei  Saarhriickcn.     Bg  —  Fabian.     Zcitsch rift  filr  das  Berg-, 

Hiitten-.  vnd  Salinen-  Wesen  im  Preusxixelien,  Staatc,  1802,  vol.  ,vl.,  intges  493-501. 

All  the  buildings  are  situated  close  to  the  shaft,  and  are  so  arranged  that  the 
miners  are  only  exposed  to  the  outside  air  for  a  short  time.  There  is  a  large  waiting- 
room,  which  communicates  on  one  side  with  the  lamp-room  and  on  the  other  with  a 
refreshment  bar,  where  coflfee  and  bread  can  be  obtained  at  moderate  prices. 
Connected  with  this  room  is  the  changing  and  bath-room,  108  by  64  feet,  and  16|- 
feet  high.  The  baths  are  cells  fitted  with  a  warm-water  douche,  and  the  room 
contains  in  all  55  cells,  each  capable  of  holding  two  men.  The  walls  of  the  cells 
are  made  of  corrugated  iron,  and  there  is  a  wooden  partition  in  front  of  the  baths, 
shutting  them  oil  from  the  rest  of  the  room.  The  room  is  also  fitted  with  a  few 
cold-water  douche-baths.  Between  two  rows  of  bath  cells  a  railing  is  fixed  to  which 
ropes  passing  over  pulleys  near  the  ceiling  are  attached.  There  is  a  hook  at  one 
end  of  the  rope  on  which  the  miner  may  hang  his  clothes  and  then  pull  them  up  to 
the  top  of  the  building.  Each  man  has  his  own  particular  hook  which  is  numbered. 
It  is  found  that  the  clothes  dry  more  quickly  when  pulled  up  into  the  warm  air  near 
the  ceiling. 

The  water  is  warmed  by  steam  to  a  temperature  of  95  degs.  Fahr.,  and  if  the 
temperature  sinks  below  this,  the  fact  is  notified  by  the  ringing  of  an  automatic 
electric-bell.  Each  bath  requires  about  7  gallons  of  water.  The  time  allowed  for 
the  use  of  a  bath  for  two  men  is  five  minutes.  The  present  arrangements  allow  1.200 
workmen  to  bathe  themselves  in  one  hour.  Out  of  2,340  workmen  865  use  the  bath- 
house regularly. 

The  cost  of  the  bath-house  was  £2,144,  or  £39  per  bath  or  cell. 

Special  mine-waggons  are  used  for  men  meeting  with  an  accident.  These 
waggons  are  fitted  with  springs  and  cushions,  and  are  made  so  as  to  go  into  the  cage. 

The  following  articles  are  kept  in  a  house  close  to  the  shaft  for  use  in  case  of  an 
explosion : — (1)  One  small  machine-ventilator  on  wheels,  and  fitted  with  carrying 
bands  ;  (2)  100  yards  of  zinc  air-pipes,  with  a  few  bends,  hanging  wire,  and  cloth 
for  plugging  holes ;  (3)  rolls  of  brattice-cloth ;  (4)  saws,  picks,  hammers,  and 
nails  ;  (5)  three  small  hand- ventilators  ;  (6")  100  yards  of  small  pipe  for  the  hand- 
ventilators;  (7)  water-bottles  and  straps  ;  (8)  vinegar  for  filling  the  water-bottles; 
(9)  notebooks  and  pencils  ;  (10)  torch-lamps  for  surface  lighting  ;  (11)  small  pipes, 
screws,  tools,  etc.,  for  ventilating  and  pumping  requirements  ;  (12)  a  portable  fire- 
engine  with  hose.  W.  F.  W. 

SULPHUR  ON  PIT-HEAPS. 
Sur  des eehantillons  de  sovfrc  j)roren(int  de  la  hoviUcre  dn  Perron  (jOugree.')     By  A. 
COCHETEUX.    Annalex  de  la  Societe  Geologique  de  BelgUjne,  1885-86,  vol.  xUL, 
Bulletin,  pages  140-141. 

The  author,  noticing  a  strong  odour  of  sulphurous  acid  gas  proceeding  from  a 
pit-heap  at  Perron,  examined  the  heap,  and  found,  just  below  the  surface,  sulphur 
varying  from  lemon-yellow  to  orange  in  colour,  and  forming  long  needles  and  spheri- 
cal agglomerations.  The  materials  composing  the  heap  were  pyritous  shales  from  the 
Coal-measures,  and  ashes  and  clinker  from  the  boiler-grates.  The  sulphur  had  been 
liberated  probably  by  reaction  taking  place  between  the  oxygen  of  the  air,  the 
Bulphides,  the  organic  matter,  the  water,  and  the  carbon  dioxide  present. 

0.  S,  E. 
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THE  SULPHUR-MINES  OF  ALTAVILLA-IRPIXA,  ITALY. 
Zur    Geologie   von    Unteritalien,   Das   Schwefelhergiverk   von  Altavilla-Irpina   in 
Uwteritalien.    By  W.  Deecke.      Neues  Jahrbuch  fiir  Mineralogie,  etc.,  1891, 
vol.  a.,  pages  39-48. 

The  Altavilla-Irpina  mines  are  situated  in  the  valley  of  the  Sabato,  about 
equidistant  from  Avellino  and  Benevento  (7  miles)  and  are  worked  by  a  company, 
A  new  junction-railway  between  Avellino  and  Benevento  will  shortly  be  opened, 
and  the  line  passes  close  by  the  works.  Boys  and  girls  are  employed  for  the  lighter 
duties  in  the  refinery  ;  work  is  carried  on  for  nine  months  oat  of  the  twelve. 

The  strata  in  the  Sabato  valley  are  of  Pliocene  age ;  they  are  bounded  by  the 
Nummulitic  limestones  of  Petruro  and  those  of  Monte  Vergine.  The  sulphur  occurs 
in  a  greasy  bituminous  clay,  overlain  b}'  very  thick  conglomerates,  with  which  are 
intercalated  sandstones  and  more  or  less  sandy  marls. 

The  sulphur-deposits  are  of  great  thickness,  and  the  beds  beneath  them  have  not 
yet  been  struck ;  the  sulphur  occitrs  in  ramifying  veins  in  the  clay,  or  in  lumps  or 
nodules  amidst  the  abundant  lenticular  masses  of  gypsum.  As  the  clay  becomes 
more  bituminous  the  sulphur-contents  diminish  in  quantity.  Fragrments  of  stems 
and  branches,  now  converted  into  lignite,  occur,  but  no  other  fossils  have  been 
found.  It  is  presumed  that  the  sulphur  has  been  separated  out  from  the  gypsum  by 
the  slow  decomposition  of  the  organic  matter  {jresent  in  the  clay.  O.  S.  E. 


MACHINE  FOR  SHAPING  MINING  TIMBER. 
Note  sur  la  Machine  a  Fagonner  les  Boh-  dcs  charbonnages  de  Sars- Long  champs  et 

Bouvy.    By  Alfred  Mathieu.     Revue  Univevselle  des  Mines,  etc.,  1892,  vol. 

XV Hi., pages  50-52,  and  h  Jig n res. 
The  machine  described  is  a  circular  saw  with  the  addition  of  a  special  tool  for 
shaping  the  ends  of  the  timbers.  This  tool  is  carried  on  the  same  shaft  as  the  saw. 
The  machine  is  worked  by  a  belt  from  a  steam-engine  and  makes  1,200  revolutions 
per  minute.  One  workman  can  shape  3,000  pieces  per  day,  as  much  as  eight  men 
could  do  if  the  shaping  was  done  in  the  mine,  besides  which  all  the  waste-material 
remains  on  the  surface  and  can  be  utilized,  W.  N.  A. 


TELETHERMOMETERS. 

Zivei  neue  Ferntlierviometer.     By  Haks  Haetl.     Zeitsclirift  des  Vereines 

Dciitsclicr  Ingenieure,  1891,  vol.  xxxv.,pages  1399-1401. 

Two  instruments  are  described,  intended  to  indicate  temperatures  at  a  distance. 
The  principle  of  their  construction  is  that  the  saturated  vapoui-s  of  ether  and 
alcohol  respectively  or  of  ether- t'w?;; -alcohol,  increase  much  more  rapidly  in  tension 
with  increasing  temperature  than  does  atmospheric  air. 

One  of  the  instruments,  consisting  of  a  V-shaped  glass  tube,  contains  mercury  in 
its  two  branches  ;  on  to  the  surface  of  the  liquid  metal  in  one  branch  a  few  drops 
of  ether  are  brought,  and  there  is  an  alarum  connected  with  the  instrument, 
indicating  to  the  observers  placed  in  another  room  when  the  previously-fixed 
limiting  temperatures  have  been  reached,  between  which  the  temperature  of  a  given 
space  is  sought  to  be  maintained. 

The  second  instrument  is  provided  with  a  constant  indicator  in  the  shape  of 
a  "Wheatstone  bridge-arrangement.  0.  S.  E. 
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THE  EDUCATION  OF  MINING  ENGINEERS. 


By  J.  H.  MERIVALE. 


The  need  of  a  thorough  training  for  mining  engineers  has  been 
recognized  upon  the  Continent  for  very  many  years.  The  first  mining 
school  established  was,  the  author  believes,  that  of  Schemnitz,  in  Hungary, 
founded  in  1760.  This  was  followed  by  the  establishment  of  similar 
schools  at  Freiberg,  Paris,  and  at  most,  if  not  all,  of  the  more  important 
mining  centres  of  the  Continent.  It  was  not,  however,  until  1851  that 
the  first  mining  school — the  Royal  School  of  Mines,  Jermyn  Street — was 
established  in  England  ;  and  this  good  step  has  been  tardily  followed,  until 
at  last,  more  than  one  hundred  years  after  our  Continental  rivals,  we  have 
science  colleges,  each  with  its  mining  department,  fairly  well  distributed 
throughout  the  country.  Whether  these  colleges  are  liberally  supported 
or  not,  both  with  money  and  students,  it  is  not  the  purpose  of  this  paper 
to  discuss. 

The  author  has  been  struck  with  the  ignorance  of  many  persons, 
cjipable  of  devoting  the  necessary  time  and  money  to  a  thorough  training 
in  mining  :  ignorance  both  of  the  kind  of  education  required,  and  of  the 
opportunities  now  offered  for  obtaining  it ;  and  he  has  been  fortified  in  this 
view  by  a  request  from  the  secretary  (Mr.  M.  Walton  Brown)  for  a 
paper  upon  the  education  of  mining  engineers.  He  has  thought  therefore 
that  a  schedule  of  the  courses  of  study  provided  for  mining  students  at 
some  of  the  most  unportant  of  the  mining  schools  of  the  world,  prefaced 
by  a  short  paper  embodying  his  own  views  upon  this  important  subject, 
might  be  acceptable  to  the  members  of  the  Institute. 

The  schedule  of  courses  has  involved  much  labour,  and  he  wishes  here 
to  thank  Mr.  Ritson,  himself  an  old  student  of  the  Clausthal  school,  for 
his  very  kind  assistance  ;  and  the  secretary  of  the  Institute,  who,  if  he 
imposed  this  task  upon  him  (the  author)  has  ably  assisted  him  in  carrying 
it  out. 

The  mining  student  should  receive  the  usual  education  of  an  English 
gentleman,    and    should   pass    the   examinations    in   general   education 


484  THE   EDUCATION    OP'   illNKNG   ENGINEERS. 

required  by  all  the  professions,  excepting  that  of  the  engineer.  This  is 
not  only  expedient,  but  necessary,  as  the  universities  requii-e  it  for  their 
science  degrees.  He  would  then  be  about  sixteen  years  of  age,  and  should 
leave  school  and  go  through  a  two  yeai-s'  course  of  pure  science  at  one  of 
the  science  colleges,  taking  a  diploma  at  the  termination  of  the  course. 
At  the  same  time  he  should  at  least  keep  up  his  French,  German,  and 
drawing,  though  he  will  not  have  the  time  to  make  much  advance  in  these 
important  subjects. 

At  eighteen  years  of  age  he  should  be  old  enough  to  definitely  decide 
upon  his  profession.  If  he  determines  after  all  not  to  become  a  mining 
engineer,  the  education  he  has  received  will  be  equally  good  for  almost 
any  other  profession.  It  is  a  mistake  to  differentiate  too  early,  and  the 
author  has  observed  this  mistake  to  be  made  over  and  over  again. 

Having  decided  to  be  a  mining  engineer  the  student  must  then  select 
a  colliery  for  his  five  years'  apprenticeship.  This  is  an  important  matter ; 
the  colliery  should  be  one  where  varied  work  may  be  seen  and,  what  is 
still  more  important,  where  the  viewer  has  had  some  experience  in  training 
youths,  and  is  willing  to  take  some  trouble  with  them. 

Trailing  round  the  pit  behind  an  overman  is  not  putting  the  time  to 
the  best  advantage.  Each  department  should  be  taken  in  turn,  and  the 
youth  should  himself  do  the  work,  so  far  as  he  can.  Let  him  be  put  in 
charge  of  an  intelligent  deputy-overman,  take  the  regular  deputy-over- 
man's shift,  and  really  assist  in  the  work,  and  the  same  with  rolleywaymen, 
shifters,  cashier,  storekeeper,  etc.  If  he  is  strong  and  is  careful  not  to 
overdo  it,  he  will  be  the  better  for  a  few  weeks'  coal-hewing. 

He  should  try  to  get  a  little  reading,  and  if  he  has  a  taste  for  science 
should  devote  a  few  hours  regularly  each  week  to  this,  so  as  to  take  his 
B.Sc.  Great  facilities  are  offered  at  the  Durham  College  of  Science  in 
the  shape  of  evening  lectures,  etc.,  to  apprentices  desirous  of  combining  a 
little  science  with  their  practical  work. 

At  the  end  of  three  years  the  student  should  have  obtained  an  accurate 
practical  knowledge  of  mining  in  all  its  details,  as  practised  under  one  or 
two  sets  of  conditions.  He  should  now  try  to  get  wider  views  ;  and 
this  he  can  best  do  by  going  abroad  for  twelve  months,  spending  six 
months,  say,  in  France  or  Belgium,  and  six  months  in  Germany.  He 
should  select  mines  where  the  conditions  are  dissimilar  from  those  to 
which  he  has  been  accustomed,  and  must  be  careful  not  to  visit  too  many 
pits — some  half-a-dozen — i.e.,  two  months  at  each  will  be  quite  enough. 
He  should  take  copious  notes,  and  neither  speak,  read,  nor  write  a 
word  of  English  during  his  stay  abroad. 
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On  his  return  to  England  he  must,  in  accordance  with  the  require- 
ments of  the  examining  board,  hold  some  official  position  for  twelve 
months,  that  of  back-overman  is  perhaps  the  best,  giving  as  it  does  great 
opportunities  of  gaining  practical  experience.  He  will  now  be  twenty- 
three  years  of  age  and  should  sit  for  his  certificate,  which  he  will  have 
no  difficulty  in  obtaining. 

For  the  first  few  years  of  his  professional  life,  the  young  colliery 
manager  will  probably  not  have  a  very  large  practice,  and  he  may  wisely 
devote  some  time  to  further  study  :  take  his  M.Sc,  or  even  the  D.Sc, 
and  write  papers  for  the  mining  institutes. 

In  conclusion,  the  author  would  wish  to  point  out  that  though  a  man 
must  live,  money  is  very  far  from  everything,  and  each  one  in  youth 
should  devote  some  portion  of  his  time  to  the  acquirement  of  those 
arts  without  which  life  for  most  of  us  would  not  be  worth  having. 
The  mining  engineer  who  neither  smokes,  photographs,  nor  fiddles,  nor  has 
cultivated  any  art  outside  his  profession,  is  only  half  a  man,  though  he 
be  a  D.Sc.  of  Durham  Univei*sity,  and  have  the  biggest  practice  in  the 
kingdom.  And  the  author  is  happy  to  say  that  some  at  least  of  these 
extra  professional  pursuits  are  cultivated  in  the  Durham  College  of  Science. 


APPENDIX. 

EDUCATIONAL    INSTITUTIONS    WHERE    COURSES    OF    STUDY    ARE 
PROVIDED    FOR    MINING    AND    METALLURGICAL    ENGINEERS. 


THE  ROYAL  COLLEGE  OF  SCIENCE,  LONDON,  WITH  WHICH  IS 
INCORPORATED  THE  ROYAL  SCHOOL  OF  MINES. 

The  Royal  College  of  Science  at  South  Kensington  is  supported  by  the  State,  to 
supply  systematic  instruction  in  the  various  branches  of  physical  science  to  students 
of  all  classes. 

The  Royal  School  of  Mines  is  incorporated  with  the  Royal  College  of  Science. 
Students  entering  for  the  associateship  of  the  School  of  Mines  obtain  their  general 
scientific  training  in  the  Royal  College  of  Science. 

The  associateship  is  granted  in  certain  divisions  or  lines  of  study.  Students 
who  go  through  any  one  of  these  in  the  prescribed  order,  and  pass  the  necessary 
examinations,  receive  a  certificate  of  associateship  of  the  Royal  College  of  Science, 
or  of  the  Royal  School  of  Mines. 

The  associateship  of  the  Royal  School  of  Mines  is  given  in  one  of  the  following 
divisions; — (1)  metallurgy,  or  (2)  mining. 

The  course  of  instruction,  which  lasts  for  three  years,  is  the  same  for  all  the 
divisions  during  the  first  and  second  years  (after  which  it  is  specialized)  in  accord- 
ance with  the  following  scheme  : — 
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First  yea/-.— Chemistry,  mathematics,  physics,  astronomical  physics,  and  free- 
hand drawing. 

Second  Year. — Mechanics,  machine  drawing,  elementary  geology  and  miner- 
alogy. Instruction  is  given  in  mathematics  so  far  as  may  be  necessary,  and  in 
descriptive  geometry. 

Metallurgy. 

Third  Year.  —  Metallurgy,  assaying,  and  determinative  mineralogy. 

Mining. 
Third    Year. — Mining,   metallurgy,  assaying,  determinative  mineralogy,  and 
mine  surveying. 

Examinations  are  held  at  the  end  of  each  coui'se  of  instruction,  snd  at  such  other 
periods  as  may  be  found  necessary.  On  the  results  of  these  examinations  the 
successful  candidates  ^ho  have  attended  regularly  and  otherwise  conformed  to  the 
rules  of  the  school  are  arranged  in  two  classes,  first  and  second. 
.  There  are  also  honours  examinations  for  the  .subjects  of  the  third  J'ear,  the 
successful  candidates  being  placed  in  order  of  merut.  Honours  are  only  obtainable 
by  candidates  for  the  associateship.  No  one  will  be  allowed  to  attempt  the  honours 
examination  who  fails  to  obtain  a  first  class  in  the  ordinary  examination.  The 
candidate  for  honours  will  be  required  to  pass  an  examination  in  some  special 
branch  or  branches  of  one  of  the  subjects  in  which  the  associateship  can  be  taken. 
The  papers  set  will  be  of  a  more  advanced  character  than  those  in  the  ordinary 
associateship  examination.  The  candidate  will  also  be  required  to  present  a  thesis 
on  some  special  subject,  and  great  weight  will  be  given  to  tlie  adequate  description 
of  any  original  work  or  research  which  has  been  carried  out  by  the  student  in 
one  of  the  laboratories  of  the  school  with  the  sanction  of  the  professor.  For  the 
honours  examination  the  subjects  will  be  as  follows,  and  the  student  will  only  be 
required  to  take  up  one  of  these  : — 

Division  I. — Metallurgy. — Kesearches  connected  with  the  practical  examination 
of  a  metallurgical  process  or  details  of  a  process,  and  theoretical  metallurgy. 

Division  II. — Mining. — Description  of  some  mine  or  mining  district  from  per- 
sonal study,  with  full  details. 

A  student  obtains  the  associateship  who  passes  in  all  the  subjects  of  the  first  two 
years,  and  in  those  of  the  special  division  which  he  selects  for  his  associateship. 

The  obligation  to  go  through  the  elementary,  or  first  part  in  any  of  the  fore- 
going coi;rses,  may  be  remitted  in  the  case  of  any  student  who  satisfies  the  council 
that  he  has  received  sufficient  theoretical  and  practical  instruction  in  those  subjects. 
The  fees  for  the  first  two  years  amount  to  about  £75,  and  for  the  remainder  of 
the  course  for  the  associateship  they  vary  from  £30  to  about  £40.  The  private  and 
State-aided  students  are  required  to  furnish  themselves  with  certain  instruments 
and  apparatus  before  the  commencement  of  the  courses. 

No  student  will,  except  under  very  special  circumstances,  be  entered  for  the 
associateship  course  unless  he  has  passed  in  the  first  class  of  the  elementary  stage 
of  mechanics,  mathematics,  chemistry,  and  physics,  or  in  some  higher  stage  of  those 
subjects,  at  the  May  examinations  of  the  department  of  Science  and  Art,  or  can 
show  to  the  satisfaction  of  the  council  of  the  college,  bj'  having  passed  the  examina- 
tions of  other  recognized  examining  bodies,  that  he  possesses  the  necessary 
elementary  knowledge  of  those  subjects. 
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UNIVERSITY  COLLEGE,  BRISTOL. 
The  college  supplies  instruction  in  those  branches  of  applied  science  which  are 
more  nearly  connected  with  the  arts  and  manufactures. 

Civil  Enrjineers  or  Surveyors. 

The  course  of  civil  engineering  has  been  arranged  to  extend  over  two  years,  but 
special  arrangements  will  be  made  for  students  who  may  deem  it  advisable  to 
remain  for  a  third  year. 

First  Year. — Physics,  engineering,  chemistry,  mechanics,  engineering  and  geo- 
metrical drawing,  mathematics,  and  surveying. 

Second  Year. — Mathematics,  engineering,  physics,  geology,  engineering  and 
geometrical  drawing,  bridge-construction,  and  surveying. 

The  compounded  fee  for  the  preceding  course  is,  for  each  year,  28  guineas,  and 
for  second  and  third  years  21  guineas,  with  a  registration  fee  of  £1  Is. 

Mining  Bnr/ineering. 

Students  who  intend  to  become  mining  engineers  follow  the  preceding  course 
and  special  provision  is  made  for  their  instruction  in  the  third  term  of  each 
year. 

Any  student  who  attends  a  course  of  instruction  in  any  subject  during  a  session, 
and  obtains  a  place  in  the  first  or  second  class  in  the  examination  at  the  end  of  the 
course,  is  entitled  to  receive  a  certificate  from  the  college. 

An  honours  certificate  is  granted,  after  examination  by  an  external  examiner,  in 
conjunction  with  the  professor  or  lecturer  on  the  subject,  to  any  student  of  the 
college  who  has  attended  a  course  of  instruction  in  any  one  of  the  subjects. 

A-'iSociateships. 

The  title  of  associate  of  the  University  College,  Bristol,  is  confei'red  on  any  can- 
didate who  (a)  has  attended  an  amount  of  instruction  in  the  college  equivalent  to 
three  courses  of  three  hours  per  week  each  in  each  of  three  terms  during  two  sessions  ; 
and  (6)  has  obtained  some  one  of  the  four  following  distinctions,  namely: — (i. ) 
College  honours  certificates  in  four  subjects;  (ii. )  a  certificate,  granted  by  the 
examiners  and  approved  by  the  council,  of  having  produced  an  essay  or  original 
investigation  of  exceptional  merit,  together  with  honours  certificates  in  three  sub- 
jects ;  (iii. )  a  degree  in  any  university  in  the  United  Kingdom  ;  or  (iv. )  such  dis- 
tinction in  the  Oxford  University  examination  for  women,  or  the  Cambridge 
University  higher  local  examination,  as  from  time  to  time  shall  be  considered 
sufficient. 

The  title  of  associate  in  engineering  is  granted,  on  application,  to  all  candidates 
who  have  complied  with  condition  (a),  and  who  obtain  an  honours  certificate  in 
engineering,  and  in  three  of  the  subjects,  mathematics,  phj-sics,  geology,  or 
chemistry  ;  provided  that  one  at  least  of  their  certificates  be  in  mathematics. 


CAMBORNE  SCHOOL  OF  MINES,  CORNWALL. 

The  school  is  worked  on  the  assumption  that  its  students  are  for  the  most  part 
engaged  in  the  mines  during  the  day.  Instruction  in  the  various  scientific  and 
technical  subjects  is  therefore  given  mainly  in  the  science  school  in  evening  classes  ; 
and  only  those  subjects,  such  as  assaying,  surveying,  etc.,  which  demand  more  time 
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and  are  themselves  of  a  pi'actical  character,  are  taught  during  the  day.  Facilities 
for  working  at  the  mines  are  afforded  to  students  by  the  managers  of  some  of  the 
principal  mines  in  the  neighbourhood. 

The  school  course  extends  over  a  period  of  three  years,  the  subjects  being 
arranged  as  set  out  below  (in  the  case  of  a  student  working  for  a  special  course 
certificate,  the  arrangement  of  the  subjects  can  be  modified) :  — 

First  Year. — Freehand  drawing,  mathematics,  geometry,  chemistry,  and  physics. 
Machine-di-awing,  building-construction,  or  carpentry  and  joinery  may  be  taken, 
if  geometry  is  one  of  the  subjects  chosen. 

Second  Year. — Machine-drawing,  mineralogy,  building-construction,  geology, 
hydrostatics,  dynamics,  applied  mechanics,  and  mining. 

Third  Year. — Advanced  stages  of  the  foregoing  subjects,  together  with  steam, 
ore-dressing,  and  metallurgy. 

Special  Coitrse  Certificates. 
The  special  course  certificates  are  of  three  kinds  :  mining,  mechanical,  and 
chemical.  The  certificates  are  of  two  classes.  The  i^ualifications  specified  below 
give  the  minimum  required  for  a  pass.  To  obtain  the  higher  certificate  more 
advanced  stages  of  these  subjects  count ;  and  such  other  certificates  as  the  applicant 
may  send  in  will  be  considered  on  their  merits.  To  qualify  for  a  certificate  in  any 
course,  passes  in  at  least  four  of  the  following  subjects  must  be  obtained  : — Mathe- 
matics, geometry,  hydrostatics,  dynamics,  physics,  and  chemistry.  But  a  certifi- 
cate of  matriculation  at  any  of  the  universities  will  be  held  equivalent. 

Mining  Course  Certificate. 

To  obtain  a  mining  course  certificate,  in  addition  to  the  preceding,  the  student 
must  produce  a  certificate  of  having  worked  underground  as  a  miner  for  at  least 
twelve  months  ;  and  pass  mining  (first  class  advanced  stage),  ore-dressing  (honours 
stage),  and  a  practical  examination  in  surveying,  blowpipe  analysis  and  assaying. 


THE  DURHAM  COLLEGE  OF  SCIENCE,  NEAVCASTLE-UPON-TYNE. 

This  college  represents  the  faculties  of  science  and  engineering  in  the  University 
of  Durham,  and  thus  fulfils  the  functions  of  a  University  College  in  the  North  of 
England. 

Complete  courses  of  instruction  are  provided  for  mining  engineers,  mechanical 
engineers,  marine  engineers,  naval  architects,  electrical  engineers,  metallurgists, 
and  chemical  manufacturers. 

Associateship  in  Physical  Science. 

Every  candidate  for  the  associateship  in  physical  science  will  be  required  to 
satisfy  the  examiners  in  mathematics,  physics,  chemistry,  and  either  geology, 
natural  history,  or  biology  in  an  examination  to  be  held  at  the  end  of  the  candi- 
date's first  year.  At  the  end  of  the  second  year,  every  candidate  must  pass  an 
examination  in  the  higher  parts  of  two  of  the  subjects,  in  the  elementary  parts  of 
which  the  candidate  passed  an  examination  at  the  end  of  the  first  year. 

Associates  in  science  are  admissible  one  year  after  obtaining  the  title  of  associate, 
and  having  some  tune  before  or  during  their  college  course  passed  the  examination 
in  general  knowledge,  to  examination  for  the  degree  of  bachelor  of  science  of  the 
University  of  Durham. 
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Mechanical,  Mining,  or  Civil  Engineer. 

Associates  in  physical  science,  who,  after  their  admission  to  this  rank,  have  been 
engaged  for  three  years  at  least  in  some  practical  work  of  mechanical,  mining,  or 
civil  engineering  approved  by  the  comicil,  and  have  subsequently  passed  a  further 
examination,  having,  principally,  reference  to  the  work  in  which  they  have  been 
engaged,  shall  be  admissible,  by  grace,  to  the  title  of  mechanical,  mining,  or  civil 
engineer  of  the  University  of  Durham. 

The  following  courses  of  study  are  recommended  : — 

AdtiOciateshi2)  in  Science. 

First  Year. — Mathematics,  physics,  practical  physics,  chemistry,  practical 
chemistry,  and  either  geology,  biology,  or  natural  history. 

Second  Year.  ~ Any  two  of  the  following  subjects  :— Mathematics,  physics, 
chemistry,  geology,  biology,  or  agriculture. 

Metallurgy. 

First  Year. — Mathematics,  physics,  chemistry,  mechanical  drawing,  German  or 
French,  and  physical  and  chemical  laboi-atories. 

Second  Year. — Chemistry,  metallurgy,  geology,  mechanical  drawing,  German 
or  Frencli,  and  chemical  and  metallurgical  laboratories. 

Third  Year. — Metallurgy,  chemistry,  geology,  engineering,  and  chemical  and 
metallurgical  laboratories. 

31ining. 

First  Year. — Mathematics,  physics,  chemistry,  geology,  mechanical  drawing, 
and  chemical  and  physical  laboratories. 

Second  Year. — Mathematics,  mechanical  engineering,  mechanical  drawing,  sur- 
veying, coal  and  metalliferous  mining,  and  technical  electricity. 

Third  Fear.  —  Students  able  to  devote  a  third  year  to  their  studies  should 
attend  a  special  course  on  chemistry,  mechanical  and  electrical  engineering,  and 
the  engineering  laboratory. 

Degrees  in  Engineering. 
Students  who  intend  to  proceed  to  a  degree  in  engineering  are  recommended  to 
pursue  the  following  course  of  study.  The  degree  of  B.Sc.  in  engineering  may  be 
taken  in  any  one  of  the  four  following  branches  of  engineering  : — (a)  Mechanical 
engineering  and  naval  architecture  ;  (b)  electrical  engineering  (including  mechanical 
engineering) ;  (c)  mining  ;  and  {d)  civil  engineexung. 

Mining  (including  Mechanical  Engineering). 

The  course  of  study  (extending  over  three  years)  recommended  for  those  who 
intend  to  pi'oceed  to  the  degree  of  B.Sc.  in  mining  is : — 

First  Year. — Mathematics,  physics,  chemistry,  geology,  biology,  natural  his- 
tory, and  physical  and  chemical  laboratories. 

Second  Year. — Mathematics,  physics  (including  technical  electricity),  engineer- 
ing, mechanical  drawing,  and  physical  and  engineering  laboratories. 

Third  Year. — Mathematics,  physics  (including  technical  electricity),  mining, 
mechanical  drawing,  and  physical,  mining,  and  engineering  laboi-atories. 

This  course  may  be  extended  over  four  years  in  cases  where  the  student  is  unable 
to  undertake  it  in  three  years. 

The  titles  and  degrees  of  the  University  of  Durham  in  science  and  engineering 
are   open  to  evening  students   who  pass   the   matriculation  examination,  attend 


490  THE   EDUCATION   OF   AlI^■i^G    ENGINEERS. 

regularly  for  uot  less  than  ten  hours  per  week  (in  the  evenings  or  on  Saturdays), 
and  pass  the  same  examinations  as  the  day  students.  Evening  students  may  pre- 
sent themselves  for  the  first  examination  for  the  associateship  in  science  at  the  end 
of  their  second  session,  and  for  the  final  examination  for  associateship  at  the  end  of 
their  third  session,  if  they  obtain  a  first  class  in  the  first  examination,  otherwise 
they  may  present  themselves  at  the  end  of  their  fourth  session.  Evening  students 
continuing  to  attend  the  classes  for  ten  hours  weekly  may  present  themselves  for 
the  examination  for  B.Sc.  one  year  after  obtaining  the  associateship. 


SHEFFIELD  TECHNICAL  SCHOOL,  SHEFFIELD. 

The  work  of  the  institution  is  divided  into  three  departments  : — (1)  The  junior 
day  department.  (2)  The  senior  day  department : — (a)  Engineering  section  ;  and 
(h)  metallurgical  section.  (3)  The  evening  department  consisting,  amongst  others, 
of  special  sections  of  engineering,  metallurgy,  mining,  and  building. 

Mechanical  Engineering. 

The  course  of  study  is  designed  to  meet  the  requirements  of  meclianical, 
electrical,  or  mining  engineers,  architects,  or  others  engaged  in  industi'ies  where  a 
knowledge  of  mechanical  principles  is  of  importance.  The  complete  course  extends 
over  three  years,  and  includes  attendance  at  lectures  and  classes,  experimental 
work  in  the  laboratories,  and  practical  work  in  the  workshops  and  drawing  office. 

The  prescribed  subjects  for  the  complete  course  are  given  below  : — 

First  Year. — ilathematics,  applied  mechanics,  engineering  laboratory,  physics, 
machine  drawing  and  geometry,  engineering,  and  workshops.  The  composition  fee 
is  £16  lOs. 

Second  Year. — ^lathematics,  mechanics,  physics,  machine  drawing  and  design, 
engineering,  engineering  laboratories,  and  workshops.  The  composition  fee  is 
£17  17s. 

Third  Year. — The  following  general  course  of  study  may  be  varied  according  to 
the  special  rec|uirements  of  each  individual  student.  It  consists  of  mathematics, 
iron  and  steel,  fuel,  machine  drawing  and  design,  engineering  and  electrical 
laboratories,  and  workshops.     The  composition  fee  is  £18  ISs. 

Mining  Engineering. 

Students  of  mining  engineering  take  the  subjects  of  the  mechanical  engineering 
course,  together  with  special  courses  in  chemistry  and  geology,  for  the  first  year, 
and  mine  surveying,  the  theory  and  practice  of  coal-mining,  and  practical  fuel 
analysis,  for  the  second  year. 

Metallurgical  Engineering. 

The  prescribed  subjects  are  given  below  : — • 

First  Year.  —Mathematics,  phjsics,  chemistry,  iron  and  steel,  machine-drawing, 
and  metallurgical  laboratory.     The  composition  fee  is  £18  ISs. 

Second  Year. — Fuel  and  refractory  materials,  mathematics,  physics,  chemistry, 
machine-drawing,  and  metallurgical  laboratory.       The  composition  fee  is  £1S  18s. 

Third  Year. — Geology,  mineralogy,  mathematics,  applied  mechanics,  machine- 
drawing,  and  metallurgical  laboratory.     The  composition  fee  is  £18  ISs. 

Associateship  of  the  Sheffield  Technical  School. 
The  associateship  of  the  school  is  awarded  in  engineering  or  metallurgy  to  each 
student  who  attends  the  lectures  and  laboratory  work  prescribed  for  the  complete 
three  years'  day  courses,  and  passes  the  annual  examinations  satisfactorily  in  each 
of  the  subjects. 
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THE  YORKSHIRE  COLLEGE,  LEEDS. 

The  Yorkshire  College  is  intended  to  promote  the  education  of  persons  of  both 
sexes,  and  in  particular  to  provide  instruction  in  such  sciences  and  arts  as  are 
applicable  to  the  manufacturing,  mining,  engineering,  and  agricultural  industries  of 
the  county  of  York,  and  in  ancient  and  modern  languages,  history  and  literature, 
medicine,  surgery,  law,  logic,  moral  philosophy,  and  any  other  subjects  of  universitj^ 
or  college  teaching. 

The  Yorkshire  College  is  one  of  the  colleges  of  the  Victoria  University,  and  has 
power  to  confer  degrees  on  persons  who  have  pursued  a  regular  course  of  study,  and 
who  submit  themselves  for  examination. 

Coal-mining  (maintained  by  the  Drapers'  Compayiy  of  the  City  of  London). 

The  coal-mining  course  occupies  two  years,  and  includes  courses  of  lectures  on 
mining  engineering,  surveying,  chemistry,  and  geology. 

First  Year. — The  lectures  include  the  chemistry  and  geology  of  coal-mining, 
theory  and  practice  of  coal-mining,  mining  engineering,  and  coUierj'  management. 

Second  Tear. — The  lectures  comprise  the  theory  and  practice  of  coal-mining, 
mining  engineering,  colliery  management,  and  underground  surveying. 


SYDNEY  TECHNICAL  COLLEGE,  ULTIMO,  NEW  SOUTH  WALES. 

The  technical  education  branch  of  the  department  of  public  instruction.  New 
South  Wales,  comprises  about  fortj'  technical  schools  situated  at  various  centres, 
and  the  technical  college  at  Ultimo. 

The  following  are  the  departments  of  instruction  :— Agriculture,  architecture, 
art,  chemistry,  commerce,  domestic  economy,  industrial  and  decorative  arts,  geology, 
mineralogy,  mining,  mathematics,  mechanical  engineering,  sanitarj'  engineering, 
electrical  engineering,  pharmacy,  physics,  sheep  and  wool  training,  printing,  and 
classes  in  tailors'  cutthig,  scientific  dresscutting,  dressmaking,  and  ambulance 
surgery. 

Mininrj  and  Mininy  Engineering. 

This  department  provides  separate  courses  of  lectures  and  laboratory  instruction 
in  each  of  the  following  branches  of  mining  engineerii.g  :— Coal-mining,  metallifer- 
ous mining,  mine-surveying,  and  mining  machinery. 

For  a  diploma  in  either  branch  of  mining  engineering,  students  must  attend  all 
the  classes  and  pass  the  prescribed  examinations. 

The  course  for  the  diploma  is  as  follows  :— Coal-mining  or  metal-mining,  mine- 
surveying,  minmg  engineering,  geology  and  mineralogy,  and  workshops. 

Certificates  are  awarded  to  students  who  attend  the  classes  and  pass  the  required 
examination  at  the  end  of  the  course. 

Diplomas  will  be  awarded  to  students  who  have  attended  a  complete  course  of 
instruction  in  any  department  of  science  or  art,  and  have  satisfactorily  passed  the 
prescribed  examinations.  Students  who  pass  their  final  examination  with  the 
highest  order  of  merit  receive  a  diploma  in  honours. 

A  diploma  in  honours  entitles  students  to  the  distinction  of  associate  of  the 
Sydney  Technical  College. 

The  fellowship  of  the  Sydney  Technical  College  will  be  conferred  upon  those 
who,  having  obtained  the  associateship,  shall  have  spent  not  less  than  six  years  in 
actual  practice  and  shall  have  done  some  original  and  valuable  research  work,  or 
have  contributed  to  the  advancement  of  the  industry  in  which  they  are  engaged. 
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UNIVERSITY  OF  OTAGO,  DUNEDIN,  NEW  ZEALAND. 

The  university  contains  faculties  of  arts,  science,  medicine,  and  law ;  and  a 
school  of  mines. 

School  of  Mixes. 

The  school  of  mines  was  established  in  1878.  It  comprises  classes  in  mining, 
mining  geologj%  inineralogj',  and  petrography,  mathem.atics,  theoretical  and  applied 
mechanics,  physics,  paleontology,  theoretical  and  technological  chemistrj',  qualita- 
tive and  quantitative  analysis,  metallurgy,  assaying,  general  geology,  and  surveying. 

There  are  four  divisions — mining,  metallurgical,  geological,  and  mine-surveying. 
In  the  first  three  divisions  the  coarse  of  studj'  can  be  completed  in  three  years, 
and  in  the  fourth  division  in  two  years. 

Students  who  pass  the  examinations  in  any  of  the  first  three  divisions  obtain 
the  distinction,  with  diploma,  of  associate  of  the  University  School  of  Mines, 
Otago.  On  passing  successfully  the  examinations  in  the  fourth  division  they  are 
entitled  to  receive  the  certificate  of  mining  surveyor. 

The  following  are  the  courses  of  study  prescribed  for  the  respective  divisions  : — 

Associateship.  —Mining  Division. 

First  Year. — Mathematics,  general  geology,  mining  geology,  theoretical  chem- 
istry and  chemical  technology,  applied  mechanics,  m  ne  and  laud-surveying,  and 
drawing. 

Second  Year.  — Theoretical  mechanics,  physics,  mineralogy,  use  of  the  blowpipe 
and  determmative  mineralogy,  mining,  applied  mechanics,  mine  and  land-surveying, 
drawing,  and  ore-dressing. 

Third  Year. — Physics,  petrography,  mining,  mechanical  gold-extraction,  chem- 
ical and  metallurgical  laboratories,  assaj'ing  and  metallurgy,  and  drawing. 

A  ssociateMp.  — Metallurgical  Division. 

First  Year. — Mathematics,  general  ge  'logy,  mining  geology,  theoretical  chem- 
istry and  chemical  technology',  applied  mechanics,  and  drawing. 

Second  Year. — Theoi-etical  mechanics,  physics,  minenilogy,  use  of  the  blow- 
pipe and  determinative  mineralogj-,  metallurgy  (including  ore-dressing),  applied 
mechanics,  drawing,  and  chemical  laboratory. 

Third  Year. — Physics,  metallurgy,  mechanical  extraction  of  gold,  assaying  and 
metallurgy,  drawing,  and  phj'sical  and  metallurgical  laboratories. 

Associateship.  — Geological  Division. 

First  Year. — Mathematics,  general  geolog}',  mining  geology,  theoretical  chem- 
istry and  chemical  technology,  mme  and  land-surveying,  and  drawing. 

Second  Year. — Physics,  mineralogy,  use  of  the  blowpipe  and  determinative 
mineralogy,  mine  and  land-surveying,  surveying  practice,  biology,  drawing,  and 
biological  laboratory. 

Third  Year. — Theoretical  mechanics,  physics,  petrography,  palaeontology, 
drawing,  geological  field  practice,  and  physical  and  chemical  laboratories. 

Mining  Surveyor's  Course  and  CertificaJte. 

First  Fe«>-.— Mathematics,  general  geology,  mining  geology,  theoretical  chem- 
istry and  chemical  technology,  mine  and  land-survej*uag,  and  drawing. 

Second  I'ear.— Theoretical  mechanics,  physics,  mineralogy',  use  of  tlie  blowpipe 
and  determinative  mineralogj',  mine  and  land-surveying,  surveying  practice, 
drawing,  and  physical  laboratory. 
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UNIVERSITY  OF  KING'S  COLLEGE,  WINDSOR,  NOVA  SCOTIA. 

The  King's  College  University  confers  degrees  in  arts,  divinity,  law,  engineering 
and  science. 

The  aggregate  outlay  necessary,  for  the  three  years'  residence  and  study  qualify- 
ing for  a  degree,  may  be  estimated  at  about  £30  to  £-40  per  year.  The  mere  money 
payment  demanded  need  never,  however,  exclude  a  candidate  really  prepared  to 
benefit  by  the  course  of  instruction  offered,  inasmuch  as  many  benefactors  of  the 
university  possess  the  right  of  nomination.  Each  nominee  is  exempt  from  the  pay- 
ment of  certain  j'early  fees  besides  the  fee  for  a  B.A.  degree.  There  being  some 
forty  certificates  conferring  this  privilege,  it  is  easy  for  students  to  obtain  it.  If  a 
scholarship  is  held  besides,  nearly  the  whole  cost  of  education  will  be  covered. 

There  are  at  present  in  the  university  five  schools  open  to  matriculated  students 
of  arts,  divinity,  engineering,  science,  and  civil  law. 

The  course  of  engineering  is  framed  with  the  view  of  giving  the  student  a  sound 
and  thorough  training  in  mathematics,  pure  and  appliel,  a  comprehensive  know- 
ledge of  engineering  and  applied  science,  together  with  such  practical  experience  in 
work  connected  with  the  profession  of  a  civil  engineer  as  it  is  within  the  scope  of 
the  university  to  afFoi'd. 

The  course  for  B.Sc.  has  been  established  for  carrying  on  advanced  study  in 
mining  and  chemistry. 

Degree  of  Bachelor  of  Engineerinrj. 

Undergraduates  presenting  themselves  for  examination  for  the  degree  of  bachelor 
of  engineering  shall  be  required  to  have  been  duly  matriculated  in  the  school  of 
engineering  ;  to  have  subsequent'y  studied  in  King's  College  the  course  herein  pre- 
scribed, and  to  have  passed  the  first  university  examination  for  the  said  degree. 

The  course  for  the  degree  in  civil  or  mining  engineering  shall  usually  extend 
over  four  years,  and  shall  comprise  attendance  on  the  following  curriculum  :  — 

First  Year, — Mathematics,  chemistry,  French  or  German,  English  literature, 
surveying  and  levelling,  and  field  and  office  work. 

Second  Year. — Mathematics,  analytical  chemistry,  chemical  physics,  botany  and 
zoology,  French  or  German,  English  literature,  mensuration,  surveying  and  level- 
ling, oflice  work,  and  engineering  excursions. 

Third  Year.  —Mathematics,  mathematical  physics,  geology,  mineralogy  (includ- 
ing blowpipe  analysis),  civil  engineering,  applied  mechanics,  geometrical  draw- 
ing, engineering  office  and  field-work,  and  geological  excursions. 

Fourth  Year. — Natural  philosophy,  mathematical  physics,  civil  engineering, 
and  engineering  office  and  field  work. 

Degree  of  Master  of  Engineerinrj. 

Every  candidate  for  the  degree  of  master  of  engineering  must  have  taken  the 
degree  of  bachelor  of  engineering,  and  must  have  been  engaged  in  practical  work  con- 
nected with  the  profession  of  a  civil  engineer  for  at  least  three  years  from  the  time 
of  so  doing.     He  must  have  held  a  position  of  responsibility  in  such  connexion. 

He  will  be  examined  in  each  of  the  following  groups  of  subjects  :— (1)  Practical 
engineering :  the  preparation  of  designs,  specifications  and  estimates  for  civil 
engineering  work.  (2)  Applied  science  :  (a)  applied  mathematics  ;  (b)  technological 
chemistry,  assaying  and  analysis  ;  {c)  geology  and  mining  ;  [d)  practical  electricity. 
Candidates  must  select  one  of  the  four  subjects  in  the  second  group.  The 
particular  department  of  engineering  work  in  which  the  candidate  is  examined  will 
be  chosen  with  reference  to  the  character  of  tlie  work  in  which  he  has  been  specially 
engaged,  and  in  this  portion  of  the  examination  candidates  will  be  tested  as  regards 
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their  knowledge  of  the  subject  by  being  required  to  submit  a  complete  set  of  draw- 
ings, specifications,  and  estimates  for  some  proposed  work,  for  tiae  preparation  of 
which  a  month  or  five  weeks  will  be  allowed.  These  drawings,  with  the  detailed 
calculations  upon  which  they  are  based,  will  be  sent  in  to  the  examiners,  and  if 
they  are  approved  an  oral  examination  of  the  candidates  will  be  conducted  for  the 
purpose  of  verifying  the  authenticity  of  the  work  submitted,  and  of  testing  the 
candidate's  professional  ability. 

Degree  of  Bachelor  of  Science. 

The  course  of  studj'  comprises  : — 

First  Year. — Mathematics,  chemistry,  English  literature,  French  or  German, 
survej'ing  and  levelling  (with  field  and  office- work). 

Second  Year. — Mathematics,  chemistry,  qualitative  analysis,  chemical  phj'sics, 
botany,  zoology,  English  literature,  French  or  German,  mensuration,  surveying, 
and  levelling  (with  office- work). 

Third  Year. — Mathematical  physics  (mechanics  and  hydrostatics),  geology 
(including  petrography  and  field  geology),  mineralogy  (including  crj^stallography 
and  blowpipe  analysis),  mining,  economics,  geometrical  drawing,  French  or  Ger- 
man, and  geological  excursions. 

Fourth  Year. — Mathematical  p'lysics  (optics  and  astronomy),  economic  geology 
and  mineralogy,  chemistry  (quantitative  analysis  of  minerals,  ores,  etc.),  metal- 
lurgy and  assaying,  geological  drawing,  economics,  and  French  or  German. 

Degree  of  Master  of  Science. 

Candidates  for  this  degree  must  be  B.Sc.'s  of  three  years'  standing.  Every 
candidate  will  be  required  to  send  in  a  thesis  on  some  scientific  subject  embodying 
original  work,  and  also,  in  addition,  be  required  to  pass  an  examination  on  one  of 
three  or  more  subjects  to  be  named  in  the  calendar  :  —Coal,  iron,  and  copper  (in 
each  case  with  analysis  and  methods  of  mining). 

Degree  of  Doctor  of  Science. 

Candidates  for  D.Sc.  must  be  B.Sc.'s  of  eight  years'  standing  or  M.Sc.'s  of 
five  years'  standing.  A  thesis  on  some  approved  subject  to  be  sent  to  the  board  of 
examiners,  and  a  proof  of  continued  successful  work  in  science. 


BALLARAT  SCHOOL  OF  MINES,  INDUSTRIES  AND  SCIENCE, 
UNIVERSITY  OF  MELBOURNE,  BALLARAT,  GREXVILLE  COUNTY, 
VICTORIA. 

This  school  was  established  for  the  purpose  of  imparting  instruction  in  the 
various  branches  of  science  relating  to  mining,  the  theory  and  practice  thereof  in- 
cluded. 

There  are  six  courses  of  study,  viz.  : — Mining,  metallurgy,  geology,  agriculture, 
electrical  engineering,  and  civil  engineering.  In  each  of  these  the  associateship  of 
the  School  of  ilines  can  be  obtained. 

Mining  Engineering  Course, 

First  Year. — Mathematics,  natural  philosophy  (mechanics  and  heat),  land  sur- 
veying, mechaaical  drawins;,  mineralogy,  geology,  and  theoretical  chemistry. 
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Second  Year. — Mathematics,  natural  philosophy  (sound,  light,  electricity  and 
magnetism),  land-surveying,  mechanics  (theoretical  and  applied),  mechanical  draw- 
ing, mineralogy,  petrography,  geology,  analytical  chemistry  (qualitative),  chemical 
laboratory  practice,  and  metallurgy. 

Third  Year. — Mathematics,  applied  electricity,  mechanics  (theoretical  and 
applied),  mine-surveying,  mechanics  as  applied  to  mining,  mechanical  drawing, 
scientific  mining,  geological  surveying,  analytical  chemistry  (quantitative),  and 
assaying. 

In  order  that  a  student  may  receive  his  certificate  of  associateship  in  the  mining 
engineering  course  he  must  produce  satisfactory  documentary  evidence  that  he  has 
served  for  at  least  one  year  under  a  duly  qualified  mining  engineer,  mining  sur- 
veyor, or  mine  manager. 

Metallurgy  Go^irse. 

First  Year. — Natural  philosophy  (mechanics  and  heat),  mathematics,  mechanical 
drawing,  mineralogy,  geology,  theoretical  chemistry,  analytical  chemistry  (qualita- 
tive), and  chemical  laboratory  practice. 

Second  Year. — Natiiral  philosophy  (sound,  light,  electricity  and  magnetism), 
mathematics,  mechanics  (theoretical  and  applied),  mineralogy,  petrography, 
geology,  theoretical  chemistry,  analytical  chemistry  (quantitative),  chemical 
laboratory  practice,  metallurgy,  and  assaying. 

Third  Year. — Applied  electricity,  mineralogy,  petrography,  chemical  geology, 
analytical  chemistry  (quantitative),  chemical  laboratory  practice,  metallurgy, 
assaying,  and  mining  laboratory-work  (ore-dressing,  etc. ) 

Manager'. <i'  Cotirse. 

The  curriculum  for  mine  managers  is  divided  into  three  parts,  comprising : — 
(1)  Practical  mining,  including  elementary  geology  ;  (2)  mine  surveying,  including 
plotting  and  computing  ;  (3)  mechanics,  as  applied  to  mining,  including  strength  of 
materials,  drainage,  ventilation,  explosives. 

The  school's  certificate  of  competency  as  a  mine  manager  is  awarded  to  each 
candidate  who  has  passed  in  all  the  subjects  prescribed.  He  must  also  produce 
satisfactory  evidence  of  having  worked  underground  at  least  two  years  in  a  mine 
in  which  not  less  than  fifty  men  were  employed,  and  in  which  the  operations  were 
carried  on  by  steam-power  and  machinery.  A  candidate  having  had  two  years' 
experience  as  a  quartz  miner  must  produce  satisfactory  evidence  of  having  been 
employed  at  least  twelve  months  in  an  alluvial  mine  to  entitle  him  to  a  certificate  as 
a  mining  manager  of  alluvial  mines. 

Intending  students  are  recommended  to  take  a  preliminary  course  of  instruction 
in  the  following  subjects  taught  in  the  miners'  class,  viz.  : — Arithmetic,  logarithms, 
elementary  trigonometry,  mensuration,  and  Euclid  (optional). 


SCHOOL  OF  MINES  AND  INDUSTRIES,  BENDIGO,  VICTORIA. 

The  School  of  Mines  and  Industries,  Bendigo,  was  established  for  the  following 
purposes  : — (a)  To  impart  sound  instruction,  chiefly  in  the  various  branches  of 
science  connected  with  mining  operations,  and  to  instruct  students  in  the  theory 
and  practice  of  mining,  in  geology,  mineralogy,  physical  geography,  meteorology, 
and  in  physical,  natural,  and  applied  science  ;  (h)  to  thoroughly  teach  chemistry, 
metallurgy,    and  assaying ;  (c)  arithmetic,  algebra,  mathematics,  surveying,  antl 
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astronomy  ;  (d)  drawing  and  painting  in  their  various  branches,  lithographj',  wood 
entrraving,  and  the  theory  and  practice  of  the  mechanical  trades,  motlelling  and 
carving  ;  (e)  ancient  and  modern  languages  ;  (/)  shorthand  writing,  telegraphy, 
and  allied  subjects  ;  and  {g)  such  otlier  subjects  as  may  from  time  to  time  be  deemed 
desirable  by  the  council. 

The  lectures  comprise  classes  in  geology  and  mineralogy,  chemistry  and  metal- 
lurgy, practical  mining,  enguieering  and  surveying,  botany,  zoology,  architectural 
and  geometrical  drawing,  machine  and  building  construction,  drawing  and  paint- 
ing in  all  its  branches,  telegraphy,  shorthand,  the  French,  German,  Latin,  and 
Italian  languages,  and  elocution. 

Examinations  are  held  and  certificates  granted  at  the  end  of  each  course  of 
lectures. 


ROYAL  SCHOOL  OF  MINES,  PRZBRAM,  BOHEMIA. 

The  Royal  School  of  Mines  embraces  a  school  of  mining  and  a  school  of 
metallurgy,  either  of  which  can  be  passed  through  in  one  year. 

The  school  of  mining  comprises  lectures  on  mining,  geology  of  ore-deposits,  ore- 
dressing,  mine-surveying,  surveying  and  plotting,  theory  of  mining  machines, 
building-construction,  and  chemical  analysis. 

The  school  of  metallurgy  comprises  lectures  on  the  metallurgy  of  iron,  general 
metallurgy,  manufacture  of  salt,  assaying,  assays  and  analyses,  and  theory  of 
smelting. 

There  are  also  lectures  on  building-construction,  forestry,  mining  law,  book- 
keeping, metallurgy,  mining  (in  brief),  and  first  aid  to  injured. 

Any  ordinary  student  who  has  gone  through  either  or  both  of  the  two  schools 
can  obtain  certificates  of  the  results  of  the  examinations. 

At  the  end  of  each  term  examinations  are  held  in  those  subjects  the  lectures 
on  which  have  terminated  in  that  term. 


HAINAUT  SCHOOL  OF  MINES  AND  INDUSTRY,  MONS,  BELGIUM. 

The  Hainaut  School  of  Mines  course  extends  over  four  years,  at  the  end  of 
which  the  diploma  of  engineer  is  given  to  successful  students.  Candidates  of  all 
nationalities  are  admitted. 

The  tuition  fee  is  under  £5  per  annum,  but  books,  apparatus,  etc.,  are  not 
provided  by  the  school. 

Diplomas  are  awarded  after  courses  of  instruction  in  mining,  metallurgy,  applied 
chemistry,  mechanical  engineering,  railway  engineering,  building  construction,  and 
electricity. 

At  the  beginning  of  the  fourth  year  students  must  decide  which  of  the  subjects 
they  intend  to  take  up  for  their  diploma,  but  it  is  possible  to  obtain  a  diploma  in 
two  subjects  in  the  four  years.  It  is  impossible  to  tell  from  the  college  programme 
what  is  exactly  the  mining  course.  It  appears,  however,  that  the  first  two  years 
are  devoted  to  general  science  and  engineering,  and  the  last  two  years  to  mining 
and  more  advanced  portions  of  the  first  year's  subjects. 
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SCHOOL  OF  ARTS,  MANUFACTURES,  AND  MINES,  ATTACHED  TO 
THE  UNIVERSITY  OF  LIEGE,  LIEGE,  BELGUIM. 

The  object  of  this  school  is  to  qualify  students  for  the  degree  of  engineer.  It 
has  two  divisions,  viz.,  the  preparatory  and  the  special  school.  The  preparatory 
school  prepares  students  for  the  special  school. 

The  special  school  is  divided  into  four  sections  : — Mining,  mechanical  engineer- 
ing, electrical  engineering,  and  arts  and  manufactures.  In  each  of  these  the  degi-ee 
of  engineer  can  be  obtained.  The  mining  division  requires  a  five  years'  course,  in- 
cluding the  two  years  in  the  preparatory  school ;  each  of  the  other  divisions  four 
years,  including  two  years  in  the  preparatory  school. 

According  to  Belgian  law  no  one  can  hold  a  government  appointment  as  engineer 
unless  he  has  obtained  the  degree  of  engineer.  Candidates  are  examined  in  the 
same  subjects  as  those  for  entrance  into  the  preparatory  school,  and  in  the  work 
done  during  the  two  years'  course  in  this  school.  Foreigners  may  be  examined  in 
Latin,  or  in  their  native  language  instead  of  in  French.  The  fees  appear  to  be 
about  £6  a  year. 

The  course  of  study  in  the  mining  division  is  as  follows  : — 

First  Year. — Grammar,  analytical  geometry  of  three  dimensions,  descriptive 
geometry,  experimental  physics,  French  composition,  drawing,  and  geometrical 
drawing. 

Second  Year. — Descriptive  geometry,  applied  and  analytical  mechanics,  elements 
of  astronomy  and  geodesy,  general  chemistry,  English  or  German,  drawing,  and 
applied  geometrical  drawing. 

Third  Year. — Applied  mechanics,  industrial  physics,  uiachine  description, 
mineralogy,  assaying,  English  or  German,  etc. 

Fourth  Year. — Geology,  working  of  mines,  industrial  and  inorganic  chemistry, 
metallurgy,  industrial  architecture,  applications  of  electricity,  English  or  German, 
etc. 

Fifth  Year. — Mining,  topography,  railway  working,  industrial  architecture, 
metallurgy,  industrial  geography,  industrial  economy,  law  of  mines  and  industries, 
English  or  German,  etc. 

The  course  also  includes  visits  to  mines,  works,  etc.,  and  geological  excursions. 
There  are  similar  courses  leading  up  to  the  other  engineering  degrees.  The  candi- 
dates for  degrees  may  sit  for  their  final  examination  at  the  end  of  each  year. 


CATHOLIC  UNIVERSITY  OF  LOUVAIN,  LOU  VAIN,  BELGIUM. 

The  schools,  annexed  to  the  Catholic  University  of  Louvain,  train  engineers  for 
every  branch  of  industry.  They  grant  the  following  diplomas,  viz.  : — (a)  Civil 
engineer  of  mines  ;  (b)  engineer  of  building-construction  ;  {(■)  engineer  of  arts  and 
manufactures,  and  of  mines  ;  {d)  engineer-constructor  ;  {e)  engineer-architect ; 
and  (/)  conductor  of  building-construction.  («)  and  {h)  are  obtained  after  a  five 
years'  course  ;  (c),  (d),  and  (e)  after  a  four  years'  course  ;  and  (/)  after  two  years. 
A  course  consists  of  at  least  200  hours  of  study  in  each  year. 

The  course  of  instruction  includes  excursions  and  reports,  the  students  visiting 
coal-mines  of  the  various  Belgian  basins,  metallurgical  establishments,  engine- 
works,  etc. 

The  fees  amount  to  about  £10  a  year,  and  in  addition  there  are  examination 
fees  varying  in  amount  from  £1  5s.  to  about  £3. 
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THE  NATIONAL  HIGHER  SCHOOL  OF  MINES,  PARIS,  FRANCE. 

The   National   .School  of   Miiies   was  founded   in  the  first  instance  to  train 
engineers  for  the  mining  coitus.     Of  late  years  its  doors  have  been  opened  to  others, 
both  natives  and  foreigners,  anxious  to  obtain  an  industrial  ti-ainiug.     There  are  no  • 
fees  for  instruction. 

There  are  three  classes  of  students,  viz. :— (1)  Engineer  students.  These  come 
from  the  Polytechnique,  and  are  intended  for  the  service  of  the  State.  (2) 
Day  students.  These  enter  the  school  by  competitive  examination.  (3)  Foreign 
students.  These  are  admitted,  after  passing  a  qualifying  examination,  on  the 
recommendation  of  the  ambassadors  or  charges  d'affaires  of  foreign  powers.  They 
are  not  compelled  to  follow  the  complete  course,  but  can  select  at  the  beginning  of 
the  year  the  line  of  study  which  they  v,  ish  to  pursue,  and  in  this  only  will  they  be 
examined,  and  will  receive  a  certificate.  There  is  also  a  fourth  class  of  students 
known  as  free  students.  These  are  either  natives  or  foreigners  authorized  by  the 
Minister  of  Public  Works  to  follow  the  whole  or  a  part  of  the  course.  They  do  not 
attend  the  practical  work,  or  the  examinations,  nor  do  they  receive  a  diploma. 

The  length  of  the  special  course  of  study  is  three  years  ;  and  in  addition  there 
is  the  preparatory  course  of  one  year. 

The  training  at  the  School  of  Mines  is  especially  directed  to  imparting  a  know- 
ledge of  all  matters  relating  to  minerals.  But,  besides  this,  instruction  is  given 
on  the  general  conditions  of  modern  industry,  machines,  railways,  building  con- 
struction, legislation,  and  economics. 

A  course  of  military  art  is  provided  for  those  students  holding  a  place  in  the 
anny  ;  and,  lastly,  German  and  English  are  taught,  to  enable  the  students  to  study 
the  scientific  works  written  in  those  languages. 

The  courses  of  instruction  are  as  follows  : — 

Preparatory  Year. — Mechanics,  analysis  and  descriptive  geometry,  physics, 
chemistry,  drawing,  and  preparations  for  the  examinations. 

Special  Course. 

First  Tear. — Working  of  mines,  metallurgy,  analytical  chemistry,  industrial 
chemistry,  mineralogy,  paleontology,  topography,  German  and  English,  drawing, 
mining  and  metallurgical  designs,  mineral  analysis,  and  preparation  for  the  examina- 
tions. 

Second  Year. — Metallurgy,  analytical  chemistry,  geology  and  petrography, 
machines  and  strength  of  materials,  railways,  economics,  German  or  English, 
metallurgical  and  machine  design,  mineral  analysis,  industrial  and  gelogical  excur- 
sions, and  preparation  for  the  examinations. 

Third  Year. — Applied  geology,  building  and  machine-construction,  legislation, 
applications  of  electricity,  artillery,  German  or  English,  and  preparation  for  the 
examinations. 

DOUAI  MINE-OVERMEN'S  SCHOOL,  DOUAI,  FRANCE. 

The  object  of  this  school  is  to  train  workmen  for  the  position  of  overmen,  etc. 
The  students  are  boarded  at  the  school,  paying  about  £20  a  year.  The  length  cf 
the  course  is  two  years,  half  of  which  is  spent  in  a  mine.  The  students  are  taught 
grammar,  arithmetic,  elementary  geometrj',  so  much  trigonometry  and  geometry 
as  is  required  for  surveying,  physics  and  chemistry,  etc.  Diplomas  are  given 
at  the  end  of  the  course. 

Candidates  must  be  at  least  sixteen  years  old,  and  have  worked  in  a  mine 
They  must  also  pass  an  examination  in  reading,  writing,  and  arithmetic. 
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SAINT  ETIENNE  SCHOOL  OF  MINES,  SAINT  ETIENNE,  LOIRE, 

FRANCE. 

The  object  of  the  school  is  to  train  engineers,  managers  of  mines,  and  managers 
of  metallurgical  works.  The  instruction  is  free,  and  extends  over  a  period  of 
three  years.  The  first  year  is  devoted  to  pure  mathematics,  mechanics,  physics, 
mineral  analysis,  mineralogy,  descriptive  geometry,  stereotomy,  and  planning.  The 
two  other  years  to  practical  work : — Working  of  mines,  washing  and  dressing 
of  minerals,  machines  aiad  buildings,  metallui'gy,  mineral  analysis,  geology,  I'ail- 
ways,  law  of  mines,  vegetable  palaeontology,  and  book-keeping.  The  students 
visit  the  neighbouring  mines. 

Diplomas  and  certificates  are  given  to  those  who  have  satisfactorily  gone 
through  the  course  of  study.  Foreigners  are  admitted,  after  having  passed  an 
examination  to  show  that  they  are  capable  of  following  the  course  of  instruction. 

Candidates  for  admission  must  be  Frenchmen  or  naturalized  Frenchmen  (though 
foreigners  are  also  admitted)  between  17  and  26  years  of  age,  and  must  pass  an 
entrance  examination.  The  students  are  not  boarded.  The  cost  of  board  and 
lodging  is  about  £1  a  week.     The  cost  of  the  uniform  is  about  £8. 


BERLIN  ROYAL  GEOLOGICAL  AND  MINING  INSTITUTE,  BERLIN, 

GERMANY. 

The  geological  department  is  for  making  maps,  etc.,  of  the  geological  formations 
of  the  German  empire. 

The  mining  department  for  teaching  students  the  theoretical  and  practical 
parts  of  mining,  metallurgy,  surveying,  etc.  The  following  subjects  are  taught 
in  the  mining  department : — Mining,  metallurgy,  metallurgy  of  iron,  assaying, 
blowpipe  analysis,  technical  chemistry,  land  and  mine  surveying,  machine  construc- 
tion, designing  chemical  works,  building  construction,  mechanical  drawing,  tri- 
gonometry, analytical  geotaetry,  differential  and  integral  calculus,  mechanics, 
mineralogy,  petrology,  geognosy,  paleontology,  analytical  chemistry,  mining 
law,  etc. 

The  whole  course  takes  three  years,  the  latter  part  of  which  is  spent  in  practical 
work.  German  students  are  admitted  on  j)roducing  certificates  of  attendance  at 
any  German  technical  school  or  college.  Students  can  go  up  for  exaniinatiun  in 
any  subject  they  choose,  and  will  be  given  certificates— provided  they  satisfy  the 
examiners. 


ROYAL  TECHNICAL  COLLEGE,  AIX-LA-CHAPELLE,  GERMANY. 

The  Technical  College  aims  at  affording  education  for  a  technical  calling  in  the 
Government  or  civil  service  and  in  commercial  life. 

The  Technical  College  is  under  the  supervision  of  the  Government  Minister  for 
Education,  and  consists  of  the  following  departments: — (1)  Architecture;  (2)  ci\dl 
engineering;  (3)  mechanical  engineering;  (4)  mining,  metallurgy,  and  chemistry  ; 
(5)  general  sciences,  especially  for  mathematics  and  natural  philosophy. 

The  lectures  are  arranged  in  yearly  courses.  Only  in  exceptional  cases  does  a 
course  of  lectures  extend  o^'er  part  of  a  year  only. 

The  admission  of  a  German  to  the  college  is  dependent  on  his  producing  a 
leaving  certificate  from  a  German  public  school  or  commercial  college.  A 
foreigner  can  be  admitted  into  the  college  if  the  warden  and  director  of  the  depart- 
ment, which  he  wishes  to  enter,  are  satisfied  that  he  is  qualified  for  the  same  by 
age,  education,  etc. 
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On  joining  the  college  each  student  receives  a  certificate  of  admission  which  is 
availabla  for  four  years,  but  which  can  be  prolonged  if  required. 

Examinations  are  held  in  the  case  of  one  year  lectures,  at  the  end  of  the  college 
year;  and  in  the  case  of  the  half-year  lectures,  at  the  end  of  each  half-year. 
Students  may  enter  for  final  examination  in  those  subjects,  the  lectures  on  which 
they  have  attended,  and  receive  certificates  for  the  same. 

Students  who  have  followed  the  four  years'  course  of  instruction  in  any  of  the 
departments  are  entitled  to  enter  for  a  diploma  examination,  and  receive  a  diploma 
testifying  to  their  acquirements  and  practical  knowledge,  and  entitling  them,  as 
the  case  may  be,  to  the  degree  of  (a)  architect ;  (b)  metallurgical  chemist;  (c)  civil 
engineer;  {d)  metallurgical  engineer;  (e)  mechanical  engineer;  (/)  surveyor ;  {g) 
electrical  engineer;  (h)  mining  engineer.  These  examinations  take  place  in  two 
parts,  the  preliminary  at  the  end  of  the  second  year,  and  a  principal  examination 
on  the  completion  of  the  coiirse. 

The  appomtment  as  an  official  in  the  Government  Architectural  Service  is 
obtained  b-y  passing  a  preliminary  and  two  principal  examinations,  these,  accord- 
ing to  the  l)ranch  which  they  concern,  being  divided  into  : — (a)  Building  ;  (6)  civil 
engineering;  (c)  mechanical  engineering. 

For  the  mining  department  of  the  Government  Service  there  are  special  rules 
and  regulations.     The  course  of  instruction  is  as  follows  : — 

Mining,   MetaJlurgy,  and  Chemistry. 

The  course  includes  :— Mineralogy  and  crystallography,  with  practical  exercises 
in  determination  of  minerals ;  petrography,  practice  in  the  mineral  collection  ;  guid- 
ance to  independent  crystallographical,  mineralogical,  and  petrographical  work  ; 
experimental  inorganic  chemistry,  chemistry  of  benzol  and  pj-ridin,  practical 
chemistry,  general  and  inorganic  experimental  chendstry ;  introduction  to  metal- 
lurgical experiments,  mining,  ore-dressing,  salt-mining,  chemistry  of  the  metals, 
volumetric  analysis,  historical  chemistry  ;  introduction  to  metallurgy,  metallurgy 
of  iron,  general  metallurgy,  iron  casting,  new  methods  of  extracting  metals,  electro- 
metallurgy, etc.,  designing  of  smelting-works,  metallurgical  assaying,  blowpipe 
analysis ;  designing  of  mining  and  ore-dressing  works,  mining  law,  mine  manage- 
ment ;  technical  chemistry,  designing  of  chemical  works,  practical  technical 
chemistry  ;  land  and  mine  surveying,  drawing,  practical  land  and  mine  surveying, 
physical  geography,  ore-deposits,  paleeontology,  structural  geology,  practical 
paleontology,  elements  of  mineralogy  and  geology. 


ROYAL  SCHOOL  OF  MINES,  CLAUSTHAL,  HARZ,  GERMANY. 

The  college  is  devoted  to  teaching  mining  and  metallurgy.  Students  are  of  two 
grades:  "bergakademiker'"  and  "hospitanten." 

The  standard  of  the  qualification  for  admission  as  a  "bergakademiker,"  in  the 
case  of  Germans,  is  the  fiinal  certificate  of  a  gymnasium,  high  school  of  the  first  class 
or  one  of  the  Royal  Prussian  Trade  Schools.  Foreigners  have  to  give  proof  by  means 
of  certificates  of  equivalent  education. 

Students  with  less  previous  education  can  be  admitted  as  "hospitanten,'"  pro- 
vided that  their  certificates  prove  that  they  have  had  sufficient  education  to  enable 
them  to  fully  understand  the  lectures.  At  the  end  of  a  year  "hospitanten"  who 
are  qualified,  have  the  opportunity  of  becoming  "bergakademiker"  if  they  can 
pass  an  entrance  examination  in  a  full  course  of  elementary  mathematics. 
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The  course  of  instruction  is  divided  into  the  practical  preparatory  course  and 
the  ordinary  course  of  lectures. 

The  practical  preparatory  course  begins  every  year  in  the  first  week  after  Easter, 
and  is  devoted  to  mining,  ore-dressing,  and  smelting.  The  fee  for  each  of  the 
branches  is  18s. 

Students  are  examined  in  any  of  the  single  subjects,  or  in  all  the  mining  and 
smelting  subjects,  for  which  degrees  are  given.  Examinations  are  held  at  the  end 
of  each  term  and  a  certificate  will  be  given  by  the  director  of  the  academy  to 
students  passing  examinations  in  any  of  the  subjects  taught. 

Afinimj  or  MetaUimjkal  Engineer's  Certificate. 

Students  who  wish  to  obtain  a  degree  of  mining  or  metallurgical  engineering 
must,  at  the  end  of  the  first  year,  pass  an  intermediate  examination,  and  can  take 
either  or  both  parts. 

The  cost  of  board  and  lodging  is  from  £4  to  £6  per  month,  and  the  total  cost  of 
fees,  board,  and  lodging,  would  be  from  £50  to  £70  for  the  college  year. 

The  following  course  of  lectures  in  the  mining  department,  for  students  who 
have  attended  a  technical  college  before,  is  recommended  to  students,  but  they  arc 
free  to  take  any  lectures  they  choose.  The  director  will  always  advise  students  on 
the  above  point. 

First  Year.  —Trigonometry,  algebra,  analytical  plane-geometry,  differential  and 
integral  calculus,  descriptive  geometry,  physics,  mechanical  drawing,  chemistry, 
paleontology,  ambulance  lectures,  general  jurisprudence  and  mining  law,  analytical 
solid  geometry,  and  lectures  on  the  commercial  part  of  mining. 

Second  Year. — Mineralogy,  practical  miuei'alogy,  mechanics,  mining,  surveying, 
geology,  qualitative  chemical  analysis,  blowpipe  analysis,  theory  of  combustibles, 
ore-dressing,  mining  geology,  practical  physics,  and  qualitative  chemical  analysis. 
Third  Year. — Machine-construction  and  designing,  assaying,  mining  law, 
nuneral  deposits,  geotectonic  or  structural  geology,  electricity,  building  construc- 
tion, blowpipe  analysis,  and  qualitative  analysis. 


THE  ROYAL  SAXON  ACADEMY  OF  MINING,  FREIBERG,  SAXONY. 

This  school  is  intended  to  prepare  students  for  the  professions  of  mining  and 
metallurgical  engineers  and  surveyors.  Training  for  other  professions  is  not  given, 
neither  does  the  curriculum  include  general  education. 

Applicants  who  are  not  subjects  of  the  German  empire  may  be  exempted  from 
the  matriculation  examination,  if  they  are  provided  with  certificates  admitting 
them  to  institutions  of  the  same  standing  in  their  own  land. 

Partial  exemption  from  the  matriculation  examination  may  be  permitted  to 
applicants  of  mature  years  who  substitute  experience  in  practical  work  for  deficien- 
cies in  theoretical  knowledge,  and  to  those  who  can  furnish  evidence  of  efficiency  in 
arts  instead  of  science. 

The  object  of  the  practical  course  in  mining  is  the  acquirement  of  such  informa- 
tion as  is  desirable  for  a  course  of  study  in  mining  engineering. 

The  work  of  the  practical  course  at  the  Freiberg  uunes  must  be  taken  as 
follows: — 1.  Surface  work  fur  eight  or  nine  weeks  in  ore-dressing  and  concentra- 
tion. 2.  The  time  remaining  is  to  be  spent  in  work  underground,  and  also  in 
visiting  under  the  direction  of  tiie  professor  of  mining  engineering  other  mines  in 
the  district. 
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The  fees  for  tuition  appear  to  amount  to  about  £10  a  year  for  natives  and  £15  a 
j'ear  for  foreigners  ;  but  the  programme  is  not  very  distinct  upon  this  point. 

The  full  course  in  mining  extends  over  a  period  of  four  years  :  — 

First  Tear. — Mathematics,  descriptive  geometry,  spherical  trigonometry, 
physics,  inorganic  chemistry,  mineralogy,  crystallography,  drawing,  and  planning. 

Second  Year. — The  higher  parts  of  some  of  the  above  sxxbjects,  mechanics, 
mining,  geology,  palaeontology,  economic  geology,  blowpipe  analysis,  and  mechani- 
cal drawing. 

Third  Year. — Sur\'eying,  mining,  engineering,  metallurgy,  building  construc- 
tion, and  machine-drawing. 

Fourth  Year. — Surveying,  general  aud  mining  law,  mining  and  metallurgical 
buildings,  calculations  and  statistics,  political  economy,  sanitation,  and  technical 
electi'icity. 

At  the  close  of  the  course  the  student  sits  for  a  final  examination,  and,  in  the 
event  of  passing,  obtains  a  diploma. 


HALLE  AND  AXHALT  MINING  SCHOOL,  EISLEBEN,  SAXONY. 

The  school  is  divided  into  two  departments,  the  former  being  preparatory  for 
the  latter.  There  are  four  preparatory  schools  situated  in  various  pa  rts  of  Saxony, 
and  the  higher  school  is  situated  at  Eisleb  en. 

The  object  of  these  schools  is  to  train  officials  for  the  mines  and  works  of  the 
Halle  district.  As,  however,  foreigners  are  not  admitted  it  is  unnecessary  to  give 
here  an  abstract  of  the  educational  course. 


STOCKHOLM  POLYTECHNIC  SCHOOL,  STOCKHOLM,  SWEDEN. 

The  Mining  College  at  Stockholm  fonns  a  part  of  the  Polytechnic  School,  and 
includes  courses  of  either  three  or  four  j'ears,  of  which  the  last  only  is  entii'ely 
devoted  to  the  science  of  mining. 

During  the  first  year  instruction  is  given  in  mathematics,  mechanics  (theoretical 
and  practical),  the  construction  of  machines,  physios  (general  aud  applied), 
chemistry,  architectiire,  geology  and  mineralogy,  geodesy,  geometry,  constructive 
drawing  and  freehand. 

The  last  j'ear  is  occupied  with  the  study  of  metallurgy,  working  of  mines  and 
testing  of  ore  and  docimacy,  and  mechanics.  The  pupils  pass  great  part  of  the 
summer  in  visiting  mines  and  ironworks. 

Hitherto  the  instruction  has  been  gratuitous,  but  hereafter  a  small  fee  will  be 
required.  The  pupils  who  have  passed  through  a  complete  course  obtain  certificates 
of  capacity. 

TOKIO  COLLEGE  OF  ENGINEERING,  TOKIO,  JAPAN. 

The  College  of  Engineering  forms  one  branch  of  the  University  of  Tokio.  The 
students  enter  after  a  six  years'  course  in  a  preparatory  school,  where  there  are 
from  1,200  to  1,500  boys.  There  they  improve  their  English,  French,  and  German  ; 
learn  all  mathematics  required  by  engineers,  including  the  calculus,  have  some  forty 
lectures  in  geology,  and  mineralogy,  and  considerable  laboratory  practice.  Formerly 
about  forty  of  these,  but  now  about  ninety,  go  every  year  into  the  engineering 
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college,  and  others  to  the  medical,  law,  literature,  and  pure  science  branches  of  the 
university.     The  geology  taught  in  the  engineering  college  is  purely  technical. 

The  mining  course  should  consist  of  one  hundred  and  twenty  lectures,  but 
sickness,  typhoons,  earthquakes,  etc. ,  usually  reduce  it  to  about  one  hundred.  One 
year  a  typhoon  stopped  the  classes  for  a  week,  and  last  year  an  earthquake  stopped 
them  for  nearly  three  weeks. 

All  lectures  are  given  in  English.  Much  of  the  designing  work  goes  into 
practice,  the  rest  into  models  for  the  museums,  w^hich  are  now  said  to  be  better 
than  anything  of  the  kind  in  Europe,  America,  and  Australia.  There  is  a  large 
workshop  always  running,  with  a  variety  of  motors  (steam,  electric,  gas,  and  water), 
a  metallurgical  laboratory,  and  a  fair  number  of  dressing-machines. 

The  summer  vacations  are  spent  at  mines,  and  all  the  students  who  have  passed 
through  the  college  find  employment  in  Japan,  China,  Corea,  etc. 

The  mining  course  extends  over  three  years,  and  is  as  follows  : — 

First  Fean— Mining,  mineralogy,  geology,  steam  engine,  mechanism,  building- 
construction,  surveying,  determination  of  minerals,  qualitative  analysis,  designing, 
and  metallurgy. 

Second  Fear.  —Underground  surveying,  metallurgy,  ore-dressing,  water  motors, 
pumps,  cranes,  etc.,  determination  of  minerals,  assaying,  blowpipe  analysis,  and 
quantitative  analysis. 

Third  Fear. —Mining,  metallurgy,  ore-deposits,  mechanical  and  metallurgical 
techno'.ogy,  metallurgical  experiments,  mechanical  engineering,  mining  designing, 
metallurgical  designing,  and  mining  law. 

Adjoining  the  main  college  building  is  a  dormitory,  where  the  students  of  the 
college  reside. 


UNIVERSITY  OF  ARIZONA,  TUCSON,  ARIZONA,  UNITED  STATES. 

The  departments  of  instruction  are  : — (I)  Science,  literature,  and  the  arts;  (2) 
teachers'  training,  and  elementary  instruction ;  (3)  agriculture  ;  (4)  normal 
department ;  and  (5)  mmeralogy  and  the  school  of  mines.  The  third  and  fifth 
departments  were  established  as  the  beginning  of  the  university.  The  fourth 
department  is  provided  for  by  legislative  enactment  in  the  popular  and  well- 
managed  Territorial  Normal  School  at  Tempo.  The  first  and  second  departments 
will  be  established  when  the  income  of  the  university  will  permit. 

The  tuition  is  free.  Matriculation  fee,  to  be  paid  but  once,  £1.  Students  are 
charged  for  material  used  in  laboratories.  A  dormitory  for  the  accommodation 
of  a  limited  number  of  students  has  been  fitted  up  in  the  university  building,  to  be 
used  until  the  students'  dormitory  is  built,  where  students  will  be  boarded  at  cost 
price,  which  will  not  exceed  M  per  month.     Books  cost  from  £1  to  £2  per  year. 

The  School  of  Mines. 

This  college  of  the  university  subserves  a  twofold  object,  firstly,  the  thorough 
training  of  yovmg  men  in  the  sciences  of  mining  and  metallurgy  to  such  an  extent 
as  to  fit  them  to  undertake  the  de\'elopment  of  the  mineral  resources  of  the 
country,  after  a  supplementary  period  devoted  to  practical  work  ;  and,  secondly, 
to  make  use  of  the  laboratories  for  tests,  experiments,  and  investigations  of 
practical  utility  to  mining  industries. 
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Mining  Kngineering.  -. 

The  course  of  niiuing  engineering  is  as  follows  :  — 

First  Fecir. --Algebra,  English,  physics,  projection-drawing,  drill,  rhetoric, 
physical  laboratory  work,  geometry,  descriptive  geometry,  and  lettering. 

Second  Year. — Geometry,  calculus,  chemistry,  general  botany,  modern  language, 
drill,  trigonometry  and  land-surveying,  zoology,  and  topographical  surveying  and 
field  work. 

Third  Year. — Analytical  mechanics,  mine-surveying,  chemical  laboratory 
work,  modern  language,  resistance  of  materials,  mineralogy,  geology,  dynamics, 
electrical  engineering,  and  assaying. 

Fourth  1'ea.r. — Mining  engineering,  engineering  geology,  mining  law,  wind- 
wheels  and  hydraulics,  practical  work,  metallurgy,  mining  accounts,  mine  adminis- 
tration, mine  examination  and  report,  thesis  and  practice. 

Metallurgical  Engineering. 

The  course  in  metallurgy  is  identical  with  the  mining  course  in  the  first  and 
second  years ;  in  the  later  years  the  course  is  as  below :  — 

Third  Year. — Architectural  drawing  and  designing,  mechanics,  modem 
language,  resistance  of  materials,  mill  work,  mineralogy,  geology,  dynamics, 
analysis  of  ores,  geology,  assaying,  and  quantitative  cliemical  lal)oratory. 

Fourth  Year. — Metallurgy,  analysis  of  fuels,  fluxes,  etc.,  wind-wheels  and 
hydraulic  engines,  mill  accounts,  practical  mill-work,  memoirs,  administration, 
thesis  and  practice. 

UNIVERSITY  OF  CALIFORNIA,  SAN  FEANCISCO,  UNITED  STATES. 

The  schools  of  the  University  of  California  are  situated  at  various  places  in  the 
State,  and  furnish  instruction  in  literature  and  in  science,  and  in  the  professions 
of  law,  medicine,  dentistry,  and  pharmacy.  In  the  colleges  of  letters,  agriculture, 
mining,  mechanics,  civil  engineering  and  chemistry,  in  the  literary  course,  and  in 
the  course  in  letters  and  political  science,  these  privileges  are  offered  without 
charge  for  tuition,  to  all  persons  qualified  for  admission. 

In  the  professional  colleges  in  San  Francisco,  except  that  of  law,  moderate 
tuition  fees  are  charged. 

Eight  regular  courses  of  study  are  at  present  established,  leading  directly,  under 
conditions  hereinafter  stated,  to  corresponding  degrees,  namely  :— 

Faculty  of  the  college  of  letters,  comprising :— (a)  Classical  course,  leading  to  the 
degree  of  A.B.;  (6)  literary  course,  leading  to  the  degree  of  B.L. ;  and  (c)  course 
in  letters  and  political  science,  leading  to  the  degree  of  Ph.B. 

Faculties  of  the  five  colleges  of  science,  comprising  :— (a)  Agriculture  ;  (h) 
mechanics  ;  (c)  mining  ;  (-/)  civil  engineering  ;  and  (e)  chemistry,  each  of  which 
leads  regularly  to  the  degree  of  B.  So 

College  of  Mixing. 

The  college  of  mining  is  designed  for  students  who  wish  to  become  mining  or 
metallurgical  engineers,  or  to  engage  in  one  of  the  many  pursuits  connected  with 
mining  industry,  such  as  the  sur\  eying  and  mapping  of  mines,  the  assaying  and 
extraction  of  ores,  the  designing  and  use  of  mining  machinery,  or  the  working  of 
mines. 

The  undei'graduate  course  may  be  completed  by  the  average  student  in  four 
years. 
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During  the  first  two  years  considerable  time  is  devoted  to  linj^uistic  studies, 
embracing  English  prose  style,  to  the  preparation  of  summaries  and  precis  writing, 
and  to  the  acquisition  of  a  reading  knowledge  of  either  French  or  German.  Owing 
to  the  large  and  valuable  scientific  and  technical  literatures  of  these  languages,  it 
is  important  to  the  advanced  student  to  be  able  to  read  them  both.  Only  cue 
is  required  of  undergraduates,  but  both  may  be  mastered  during  the  course  by  a 
little  extra  effort.  Those  who  have  already  a  reading  knowledge  of  either  of  these 
languages  are  advised  to  select  the  other  in  college.  A  knowledge  of  Spanish,  while 
not  required,  will  be  of  considerable  advantage  to  mining  students,  as  they  will  find 
many  professional  opportunities  in  Spanish-American  countries.  It  may  be  easily 
acquired  during  the  course.  Preliminary  to  the  strictly  technical  studies  of  the 
course,  the  student  receives  a  suificient  training  in  those  branches  of  modern 
physical  science  which  lie  at  the  basis  of  all  the  industries  connected  with  mining : 
on  the  one  hand,  mathematics  and  its  applications  ;  and  on  the  other,  cheudstry, 
mineralogy,  petrography,  and  geology. 

The  mathematical  studies  are  pursued  with  special  reference  to  subsequent 
practical  applications  iu  surveying,  physics,  and  analytical  mechanics,  which  in  their 
turn  serve  as  a  means  for  discussing  such  subjects  as  strength  of  materials  and 
hydraulics.  A  similar  sequence  is  observed  with  other  studies  ;  thus  descriptive 
geometry  is  connected  with  work  in  the  drawing-room,  surveying  with  extensive 
field-practice  and  the  mapping  of  surveys  actually  made  by  the  student,  physics 
with  physical  problems  and  work  in  the  physical  laboratory,  strength  of  materials 
and  hydraulics  with  original  designs  in  the  drawing-room,  followed  by  working 
tests  in  the  mechanical  laboratory.  These  important  studies  extend  through  the 
whole  four  years'  course  ;  and  inasmuch  as  they  are  peculiarly  interdependent,  it 
is  necessary  that  they  sliould  be  completed  in  the  prescribed  order,  otherwise  the 
student  will  find  himself  seriously  embarrassed  in  his  work. 

The  studies  in  chemistry  and  allied  branches  begin  with  general  experimental 
chemistry,  inoiganic  and  organic,  followed  by  analytical  chemistry  as  an  application, 
viz.:  qualitative,  quantitative  and  blowpipe  analysis,  subjects  indispensable  to 
subsequent  work  in  metallurgy  and  assaying. 

Having  acquired  a  working  power  in  chemistry,  the  student  begins  the  study  of 
mineralogy ;  this  is  followed  by  petrography,  and  by  courses  in  general  and  field 
geology.  These  studies  are  developed  with  special  reference  to  their  applications 
in  mining. 

The  technical  branches  of  mining,  metallurgy  and  assaying,  peculiar  to  this 
college,  are  begun  in  the  junior  year,  when  the  student  has  had  sufficient  training 
in  the  general  and  pi-eparatory  branches  to  study  them  with  profit. 

In  the  course  iu  metallurgy,  after  the  general  consideration  of  the  subjects 
which  concern  the  treatment  of  all  the  metals,  the  rest  of  the  undergraduate  work 
is  devoted  to  a  detailed  study  of  all  the  important  methods  in  use  for  the  reduction 
of  the  ores  of  lead,  silver,  gold,  copper,  and  mercury. 

The  course  concludes  with  a  written  thesis  on  some  subject  connected  with 
mining  or  metallurgy,  and  leads  to  the  degree  of  bachelor  of  science. 

Candidates  for  the  professional  degrees  in  this  college  must  satisfy  the  following 
conditions :  — 

Degree  of  Mining  Engineer. — The  candidate  must  be  a  graduate  of  the  college 
of  mining  of  this  University,  or  give  satisfactory  evidence  of  having  successfully 
pursued  a  course  of  study  equivalent  to  its  regular  undergraduate  course.  He 
must  also  pass  a  satisfactory  examination  in  the  following  subjects : — Mining, 
ore-dressing,  petrography,  economic  geology,  thermodynamics  (elements),  drawing 
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and  construction  of  mining  machinery,  blowpipe  assaying,  and  political  economy. 
He  must  have  had  at  least  one  year  of  actual  practice  in  the  field  in  the  course 
chosen,  and  must  show,  by  an  original  memoir  upon  some  subject  bearing  upon 
this  profession,  power  to  apply  his  knowledge  to  practice.  This  degree  will  not 
1)6  given  earlier  than  three  j'ears  after  graduation. 

Degree  of  Metallurgical  Engineer.  — The  candidate  must  pass  an  examination  in 
the  following  subjects: — Metallurgy,  ore-dressing,  assaying  and  analysis,  blowpipe 
assaying,  thermodynamics  (elements),  drawing  and  construction  of  furnaces  and 
metallurgical  machinery,  and  political  economy.  In  all  other  respects  the  condi- 
tions are  the  same  as  those  required  for  the  degree  of  mining  engineer. 


COLORADO  STATE  SCHOOL  OF  MIXES,  GOLDEN,  COLORADO, 
UKITED  STATES. 

The  organization  of  the  School  of  Mines  of  Colorado  resembles  that  of  the  best 
technical  schools  of  the  United  States.  It  is  a  school  of  applied  science,  in  which, 
however,  more  than  usual  weight  is  given  to  those  branches  having  a  more  or  less 
direct  bearing  upon  mining  and  metallurgy.     All  tuition  is  free. 

There  are  four  full  courses  of  study,  viz.: — Civil  engineering,  mining  engineer- 
ing, metallurgy,  and  electrical  engineering.  Each  covers  a  period  of  four  years 
The  studies,  however,  are  identical  during  the  first  two  years  of  all  courses, 
beginning  to  diverge  at  the  opening  of  the  third  year.  The  course  in  mathematics 
is  taken  in  full  by  all,  except  the  students  in  the  metallurgical  course. 

The  degrees  given  are:— (a)  Civil  engineer  (C.E.);  (6)  engineer  of  mines 
(E.M.);  (c)  metallurgical  engineer  (M.E.) ;  (d)  electrical  engineer  (E.E.);  and  (e) 
bachelor  of  science  (B.Sc. )  The  B.Sc.  degree  is  given  to  any  student  of  four  years' 
residence,  who,  after  having  completed  the  course  of  the  first  two  years,  devotes 
himself  for  two  more  years  to  the  study  of  analytical  and  theoretical  chemistry. 
Such  students  are  allowed  to  attend  lectures  in  the  higher  classes  on  other  topics 
than  the  specialty  they  have  chosen,  and  must,  during  their  last  year,  conduct 
some  special  research  in  analytical  or  technical  chemistry. 

Students  will  not  be  admitted  to  the  fourth  year  as  applicants  for  the  degree  of 
C.E.  imless  they  have  shown  very  marked  ability  in  mathematics.  They  must 
also  have  been  connected  with  some  survey  or  other  active  field-operation  on 
engineering  lines  during  one  of  the  vacations  of  their  course. 

Each  student  is  required,  during  the  summer  vacation  preceding  his  senior 
year,  to  execute  a  memoir  on  some  assigned  subject.  At  the  end  of  the  third  year 
the  student  is  also  assigned  a  subject  for  a  graduating  thesis,  such  data  being 
given  as  would  be  met  with  in  practical  experience. 

The  course  of  studies  is  as  follows : — 

First  Year  {for  all  courses). — Algebra,  geometry,  geology,  freehand  drawing, 
mechanical  drawing,  chemistry,  and  qualitative  analysis. 

Second  Year  {for  all  courses). — Plane  and  spherical  trigonometry,  descriptive 
geometry,  qualitative  and  quantitative  analysis,  crystallography,  physics,  mechani- 
cal drawing,  surveying,  determinative  mineralogy,  algebra,  shadows  and  perspec- 
tive, stoichiometry,  physical  laboratory,  and  blowpipe  work. 

Mining  Engineering. 

The  special  courses  in  mining  engineering  for  third  and  fourth  years  are  as 
follow  : — 
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Third  Tear. — Analytical  geometry,  differential  and  integral  calculus,  civil 
engineering,  primaiy  and  secondai-y  batteries,  mining,  quantitative  analysis, 
mechanical  drawing,  metallurgy,  mechanics,  theory  of  strains,  mining  engineering, 
ore-dressing,  electrical  units,  and  vacation  memoir. 

Fourth  Year. — Integral  calculus,  kinematics,  mechanical  drawing,  mechanics, 
dynamics,  theory  of  strains,  economic  geologj^,  metallurgy,  dynamo-electric 
machinery,  distribution  of  electricity  for  lighting,  thermodynamics,  plans,  construc- 
tions and  estimates,  mechanical  engineering,  electricity  in  mining,  thesis  work 
(including  plans,  estimates,  and  drawings),  and  long-distance  transmission  of 
power.  In  addition  to  the  above  schedule,  one  review  study  is  taken  in  each 
term. 

Metalluryical  Enyineering. 

The  special  courses  in  metallurgy  diiring  the  third  and  fourth  years  are  as 
follows  : — • 

Third  Tear. — Mining,  quantitative  analysis,  metallurgical  chemistry,  civil 
engineering,  metallurgy,  mechanical  drawing,  mechanics,  civil  engineering,  ore- 
buying  and  smelting-charges,  ore-dressing,  and  a  vacation  memoir. 

Fourth  Tear.  — Kinematics,  metallurgy,  economic  geology,  plans,  constructions, 
and  estimates,  theory  of  strains,  applied  chemistry,  slag  calculations,  mechanical 
drawing,  economics  of  metallui'gy,  dynamics,  thermodjmamics,  mechanical  engin- 
eering, and  thesis  work  (including  plans,  estimates,  and  drawings).  A  review 
study  is  also  taken  in  each  term. 


THE  UNIVERSITY  OF  ILLINOIS,  URBANA,  CHAMPAIGN  COUNTY, 
ILLINOIS,  UNITED  STATES. 

The  organization  of  the  university  comprises  colleges  of :— (a)  Agriculture  ; 
(6)  engineering,  with  courses  in  mechanical  engineering,  electrical  engineering, 
civil  engineering,  municipal  and  sanitarj'  engineering,  mining  engineering,  archi- 
tecture, and  architectural  engineering  ;  (c)  science ;  [d)  literature ;  (e)  additional 
schools  of  military  science  and  of  art  and  design ;  together  with  (/)  a  graduate 
school. 

College  of  Engixeekixg. 

The  courses  of  instruction  comprise  : — Mathematics — advanced  algebra,  trigo- 
nometry, conic  sections,  analytical  geometry,  differential  calculus  ;  theoretical  aud 
applied  mechanics — analytical  mechanics,  resistance  of  materials,  hydraulics ; 
general  engineering  drawing — elements  of  draughting,  descriptive  geometry,  letter- 
ing ;  physics— elementary  mechanics  and  sound,  heat  and  light,  electricity  and 
magnetism  ;  mining  engineering — mine  attack,  mine-surveying,  ore-dressing,  mine 
engineering  ;  civil  engineering — land-surveying,  topographical  drawing  and  sur- 
veying, transit  surveying  and  levelling,  railroad-engineering,  masonry-construction, 
geodesy,  practical  astronomy,  bridges. 

Labour  is  furnished  as  far  as  possible  to  all  who  desire  it.  It  is  classified  into 
educational  and  remunerative  labour.  Educational  labour  is  designed  as  a  practi- 
cal instruction,  and  constitutes  a  part  of  the  course  in  several  schools.  Students 
are  credited  with  their  proficiency  in  it  as  in  other  studies.  Nothing  is  paid  for  it. 
Eemimerative  labour  is  prosecuted  for  its  products,  and  students  are  paid  what 
their  work  is  worth.  The  usual  rate  paid  for  ordinary  farm,  garden,  and  shop 
labour  is  6d.  per  hour.  Students  of  sufficient  experience  may  be  allowed  to  work 
by  the  piece  or  job,  and  thus  by  diligence  or  skill  secure  more  pay. 
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Some  students  who  have  the  rec[uisite  skill,  industry,  and  economy,  pay  their 
entire  expenses  by  their  labour  ;  but,  in  general,  young  men  cannot  count  upon 
doing  this  at  first,  without  a  capital  to  begin  with,  either  of  skill,  or  money  to 
serve  them  till  a  degree  of  skill  is  acquired. 

The  tuition  is  free  in  all  the  university  classes.  The  cost  of  residence  varies 
from  £30  to  £60. 

Mining  Engineering. 

The  course  comprises  the  greater  part  of  the  pure  and  applied  mathematics  of 
the  courses  in  mechanical  and  civil  engineering.  Much  time  is  devoted  to  chemis- 
try and  geology,  with  the  addition  of  metallurgy  and  other  technical  studies 
peculiar  to  mining  engineering.  Students  who  are  graduated  from  this  course  are 
not  supposed  to  be  familiar  with  all  the  details  of  mine  management  from  actual 
experience,  but  they  will  have  obtained  such  a  knowledge  of  the  principles  under- 
lying all  successful  practice,  and  such  a  familiarity  with  the  science  of  mining  in 
all  its  branches,  that  the  art  may  be  acquired  with  the  minimum  of  practice. 

Plans,  estimates,  drawings,  reports,  and  calculations,  based  upon  data  obtained 
in  the  student's  own  experience,  are  constantly  required,  and  no  jjains  are  spared  to 
familiarize  each  member  of  the  class  -with  the  duties  and  responsibilities  of  every 
grade,  from  miner  to  manager. 

The  course  of  the  studies  is  : — - 

First  Year. — Algebra,  elements  of  draughting,  chemistry,  French,  German,  or 
Ent^lish,  trigonometry,  descriptive  geometry  and  lettering,  analytical  geometry, 
freehand  drawing,  and  military. 

Second  Year. — Differential  and  integral  calculus,  land-survej'ing,  physics, 
analytical  geometry,  topographical  drawing  and  surveying,  transit-surveying  and 
le\  elling,  French.  German,  freehand  drawing  (optional),  and  military. 

Third  Year. — Analytical  mechanics,  mine  attack,  mineralogy,  resistance  of 
materials,  assaying,  geology,  hydraulics,  roofs,  chemistry,  mine  surveying,  themes 
and  elocution. 

Fourth  Year. — Mine  engineering,  ore-dressing,  heat  engines,  geology,  hydraulic 
engines  and  wind  wheels,  cliemistry,  political  economy,  roofs,  and  metallurgy. 

Degrees. 

The  usual  bachelor's  and  master's  degrees  are  conferred  upon  those  ^vho  satisfac- 
torily complete  the  courses  of  study  described  in  the  different  colleges.  A 
candidate  for  a  bachelor's  degree  must  pass  in  the  subjects  of  his  chosen  course,  and 
must  conform  to  the  directions  given  in  connexion  with  that  course  in  regard  to 
optional  subjects. 

In  all  cases  an  accepted  thesis  is  required  for  graduation,  based  upon  original 
research,  and  must  contain  at  least  2,000  words,  or  an  equivalent  in  tables,  draw- 
ings, and  illustrations. 

The  degree  of  bachelor  of  science  will  be  given  to  those  who  complete  a  course 
of  study  in  the  college  of  engineering,  of  agriculture,  or  of  science.  The  name 
of  the  course  will  be  inserted  after  the  degree. 

The  master's  degrees,  M.A.,  M.L.,  and  M.S.,  and  the  equivalent  degrees  of 
civil  engineer  and  mechanical  engineer,  etc.,  will  be  given,  after  1894,  to 
graduates  of  this  or  other  similar  institutions  who  have  pursued  at  this  university 
a  year  of  prescribed  graduate  studies  and  have  passed  examinations  thereon,  or 
who  have  pui'sucd  as  non-residents  three  years  of  such  study  and  have  passed  the 
required  examinations.     Studies  for  a  master's  degree  must  be  in  the  general  line 
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of  the  bachelor's  degree  already  received,  and  of  the  degree  sought.  In  all  cases 
an  accepted  thesis  is  required  and  this  should  be  presented  at  least  one  month 
before  the  close  of  tlie  collegiate  year.  It  must  be  bated  upon  oricrinal  research 
and  must  show  scholarly  acquirements  of  a  high  order. 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY,  BOSTON, 
UNITED  STATES. 

The  Massachusetts  Institute  of  Technology  includes  a  Society  of  Arts,  a 
Museum  of  Arts,  and  a  .School  of  Industrial  Science. 

The  School  of  Industrial  Science  is  devoted  to  the  teaching  of  science  as  applied 
to  the  various  engineering  professions— namely,  civil,  mechanical,  mming,  electri- 
cal, chemical,  and  sanitary  engineering,  as  well  as  to  architecture,  chemistry, 
metallurgy,  physics,  and  geology.  Courses  of  a  less  technical  nature,  designed  as 
a  preparation  for  business  callings,  and  a  course  in  biology  preparatory  to  the 
professional  study  of  medicine,  are  also  given. 

The  subjects  of  study  have  been  arranged  in  twelve  distinct  formulated  courses, 
each  of  four  years'  duration.  For  the  satisfactory  completion  of  any  one  of  these, 
the  degree  of  bachelor  of  science  is  conferred.  Of  twelve  courses,  seven  give 
their  students  scientific  and  practical  training  for  the  various  engineering  profes- 
sions ;  those  in  chemistry,  physics,  biology,  and  geolog}-,  having  a  larger  proportion 
of  pure  science,  afford  preparation  either  for  professional  practice,  for  teaching,  or 
for  scientific  investij^ation. 

In  the  first  year  all  the  courses  are  the  same,  and  contain  subjects  which  are 
considered  essential  for  the  more  strictly  professional  studies  of  the  later  years. 
At  the  end  of  the  year  the  regular  student  selects  the  course  which  he  will  pursue 
during  the  remaining  three  years,  and  his  work  becomes  more  specialized  thereafter 
as  it  progresses. 

Within  most  of  these  regular  courses  the  student  is  given  a  considerable  latitude 
in  the  selection  of  the  branch  of  his  intended  profession  to  which  he  will  specially 
devote  his  energies  in  the  later  years  of  his  study.  This  is  accomplished  by  means 
of  options.  Thus  in  civil  engineering  he  may  elect  sanitary  and  hydraulic  engineer- 
ing, geodesy,  or  an  advanced  course  in  railroad  engineering  and  management. 

Refjular  Courses. 
First  Year. — Tlie  studies  are  common  to  all  regular  courses  as  follow  : — Solid 
geometry,  algebra,  chemistry,  chemical  laboratoi-y  work,  rhetoric  and  English  com- 
position, French   or   German,  mechanical  drawing,  freehand  drawing,  plane  and 
spherical  trigonometry,  political  history  since  1815,  and  military  drill. 

Mining  Engineering  and  Metallurgy. 
Second  Year. — Analytical  geometry,  physics,  German,  American  history,  descrip- 
tive geometry,  ditt'erential  calculus,  English  literature  and  composition,  mineralogy 
and   blowpipe   analysis    (silver   assay),   and  optional  subjects  : — (a)  Principles  of 
mechanism,  use  of  surveying  instruments  ;   (6)  surveying,  topographical  drawing  ; 

(c)  mechanism  :    cotton  machinery,  machine  tools,  drawing,  physical  geography  ; 

(d)  surveying  and   drawing,  physical  geography.     This  may  be  accompanied  by 
a  summer  course  in  practical  mining  or  metallurgy  and  field-work  in  mineralogy. 

Third  Year. — Integral  calculus,  general  statics,  physics,  strength  of  materials, 
kinematics  and  dynainics,  physical  laboratory  work,  German,  assaying,  mining 
engineering,  geology,  and  optional  subjects : — (a)  Steam  engineering  valve-gears, 
thermodynamics,    drawing ;    (6)    railroad    and    highway-engineering ;   (c)    steam 
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engineering,  boilers,    engineering   laboratory   work ;   (d)   railroad  and  highway 
engineering.     This  may  be  followed  by  a  summer  course  in  practical  metallurgy 
or  mining. 

Fourth  3>a/-.— Metallurgy,  metallurgy  of  iron,  mining  engineering,  dynamos, 
mining  laboratory  work,  memoirs,  and  optional  subjects: — (a)  Strength  of  materials, 
friction,  steam  engineering  and  liydraulics,  engineering  laboratory  work ;  (b) 
strength  of  materials,  theory  of  elasticity,  theory  of  structures,  hydraulics, 
hydraulic  measurements  ;  (c)  strength  and  stability  of  structures,  theory  of  elas- 
ticity, technical  machinery,  engiueeriug  laboratory  work  ;  (d)  theory  of  structures, 
electric  railroads,  hydraulic  engineering. 

Another  course  of  instruction  is : — 

Second  Year. — Analytical  geometry,  physics,  German,  Americau  history,  theo- 
retical chemistry,  differential  calculi;s,  English  literature  and  composition, 
mineralogy  and  blowpipe  analysis,  and  optional  subjects  : — (a)  Descriptive  geome- 
try, principles  of  mechanism,  blowpipe  (silver  assay);  (h)  surveying,  topogra- 
phical drawing,  blowpipe  assay  ;  (c)  mechanism  :  cotton  machinery,  machine-tools, 
drawing  ;  (d)  surveying  and  drawing,  physical  geography.  Th  s  may  be  accom- 
panied by  a  summer  course  in  practical  mining  or  metallurgy  and  field-work  in 
mineralogj'. 

Third  Year. — Integral  calculus,  general  statics,  physics  :  heat,  strength  of 
materials,  kinematics  and  dynamics,  physical  laboratory  work,  German,  assaying, 
analytical  chemistry,  and  optional  subjects  :— (a)  Steam  engineering,  thermody- 
namics, valve-gears,  drawing  ;  (/>)  mining  engineering,  geology  ;  (c)  steam 
engineering,  boilers,  engineering  laboratory  work  ;  (d)  mining  engineering, 
geology,  electricity.  This  may  be  followed  by  a  summer  course  in  practical 
mining  or  metallurgy. 

Fourth  Year. — Strength  of  materials,  friction,  mining  tngineering,  analytical 
chemistry,  metallurgy,  memoirs,  metallurgical  and  chemical  laboratories  work,  and 
optional  subjects  :-  (a)  Hydraulics.  dynan)OS,  English  criticism  ;  (h)  electricity, 
political  economy  and  industrial  history,  commercial  law  ;  (c)  engineering  labora- 
tory work,  technical  machine) y,  English  criticism;  (d)  mining  engineering, 
political  economy  and  industrial  history,  commercial  law. 

Summer  Schools  of  Mining  and  Metallurgy  are  organized  for  the  study  of  mines, 
mills,  smelting-works,  and  geological  fields.  Since  the  year  1870  these  schools 
have  made  studies  in  Colorado,  Michigan,  Virginia,  Vermont,  Pennsylvania,  Lake 
Champlain,  New  Brunswick,  and  Nova  Scotia. 

Graxluation. 

The  degree  of  bachelor  of  science,  in  the  course  pursued,  is  given  for  the  satisfac- 
tory completion  of  any  regular  course  of  study.  To  be  entitled  to  a  degree,  the 
student  must  have  passed  satisfactory  examinations  in  all  the  prescribed  studies 
and  exercises,  and,  if  required,  a  final  or  degree  examination,  embracing  all  the 
subjects  which  particularly  relate  to  his  course.  He  must,  moreover,  prepare  a 
dissertation  on  some  subject  included  in  his  course  of  study  ;  or  an  account  of 
some  research  made  by  himself  ;  or  an  original  report  upon  some  machine,  work 
of  encfineering,  industrial  works,  mine,  or  mineral  survey  ;  or  an  original  architec- 
tural design,  accompanied  by  an  explanatory  memoir. 

The  tuition  fee  for  regular  students  is  £40  per  year. 

Students  may  conveniently  live  in  any  of  the  neighbouring  cities  or  towns  on 
the  lines  of  the  various  railroads,  if  they  prefer  to  do  so.  The  cost  of  board  and 
rooms  in  Boston  and  the  neighbouring  cities  and  towns  need  not  exceed  from 
£1  10s.  to  £2jper  week. 


THE   EDUCATION   OF   MINING    ENGINEERS.  511 

UNIVERSITY  OF  MICHIGAN,  ANN  ARBOR,  MICHIGAN,  UNITED 

STATES. 

The  University  of  Michigan  is  a  part  of  the  public  educational  system  of  the 
State,  and  aims  at  completing  the  work  that  is  begun  in  the  public  schools  by  fur- 
nishing ample  facilities  for  a  liberal  education  in  literature,  science,  and  the  arts, 
and  for  a  thorough  professional  study  of  medicine,  pharmacy,  law,  and  dentistry. 
The  doors  of  the  institution  are  open  to  all  students,  wherever  their  homes. 

The  matriculation  fee  for  citizens  of  Michigan  is  £2,  and,  for  those  who  come 
from  any  other  state  or  country,  £5,  is  paid  but  once,  and  entitles  the  student  to 
the  privileges  of  permanent  membership  of  the  university.  In  addition  to  the 
matriculation  fee,  every  student  has  to  pay  an  annual  fee  for  incidental  expenses. 
Resident  graduates  are  required  to  pay  the  same  annual  fee  as  undergraduates. 

Students  obtain  board  and  lodging  with  private  families  for  about  £1  a  week.  The 
annual  expenses  of  students,  including  clothing  and  incidentals  are,  on  the  average, 
about  £80.  The  university  does  not  undertake  to  furnish  manual  labour  to 
students  ;  yet  a  few  find  opportunities  in  the  city  for  remunerative  labour. 

The  university  offers  to  persons  who  wish  to  become  professional  engineers 
thorough  courses  of  study  extending  over  about  four  years. 

In  civil  engineering  all  the  technical  branches  are  under  the  direct  care  of  those 
who  have  had  professional  experience  as  well  as  a  full  scientific  training,  and  in  all 
particulars  the  course  embodies  as  close  an  imitation  of  the  requirements  of  active 
labour  as  the  instructors  who  have  the  several  branches  in  charge  can  devise. 

In  mechanical  engineering  the  course  of  study  includes  a  wide  range  of  special 
studies.  Prominence  is  given  to  the  study  of  steam  engineering,  and  in  this  branch 
a  large  amount  of  practical  work  is  done.  The  instruction  is  arranged  to  accommo- 
date those  who  wish  to  devote  their  time  principally  to  mechanical  engineering 
proper,  to  steam  engineering,  or  to  marine  engineering  and  naval  architecture. 

In  mining  engineering  and  metallurgy  the  course  of  instruction,  which  is  in- 
tended to  cover  about  four  years  of  study,  includes  a  part  of  that  provided  for 
students  in  civil  and  in  mechanical  engineering,  though  more  especial  attention  is 
paid  in  the  latter  part  of  the  course  to  mineralogy,  geology,  and  chemistry.  The 
instruction  in  the  technical  branches  is  arranged  so  as  to  meet  the  wants,  both  of 
those  whose  purpose  it  is  to  confine  their  professional  work  more  closely  to  metal- 
lurgy, and  of  those  who  intend  to  engage  in  the  practice  of  mining  and  metallurgy 
combined. 

In  electrical  engineering  the  first  three  years  of  the  course  are  nearly  the  same 
as  in  mechanical  engineering.  Besides  the  preliminary  work  in  mathematics, 
language,  drawing,  and  physics,  instruction  is  given  to  pattern  making,  metal  work, 
forging,  and  foundry  work ;  and  enough  of  the  study  of  steam  engines  and  other 
prime  movers  is  included  to  meet  the  needs  of  the  professional  electrical  engineer. 

The  courses  of  instruction  comprise  mathematics  (algebra,  trigonometry, 
analytical  geometry,  and  the  elements  of  differential  and  integral  calculus),  French 
and  German,  English  grammar  and  composition,  physics,  chemistry,  drawing, 
practice  in  geometrical  and  in  mechanical  drawing,  and  in  the  study  of  descriptive 
geometry. 

The  more  technical  subjects  are  taken  up  in  the  latter  part  of  the  course.  Some 
of  these  subjects  are  of  equal  value  to  all  classes  of  engineering  students,  such  as 
analytical  and  applied  mechanics,  the  strength  and  resistance  of  materials,  and  the 
metallurgy  of  the  useful  metals,  especially  iron  and  steel;  others  are  adapted  more 
particularly  to  the  wants  of  the  special  students  in  the  several  courses. 
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Upon  the  completion  of  a  prescribed  course  of  study,  amounting  to  twenty-five 
full  courses,  and  the  presentation  of  a  satisfactory  thesis,  the  student  receives  the 
degree  of  bachelor  of  science.  The  diploma  given  indicates  the  line  of  study  pur- 
sued. 

Bachelors  of  arts,  of  philosophy,  of  science,  and  of  letters,  of  this  university,  and 
graduates  of  any  other  reputable  college,  are  recommended  for  the  same  degree 
with  the  regular  students,  after  attendance  on,  and  a  satisfactory  examination  in, 
the  technical  subjects  alone  of  the  several  courses.  Th^se  studies  can  be  completed 
in  two  years. 

Mining  Engineering. 

To  obtain  tlie  recommendation  of  the  faculty  for  the  degree  of  bachelor  of 
science  for  a  course  in  njining  engineering,  the  student  must  satisfy  one  of 
the  two  following  sets  of  requirements: — Mining  (French  and  German,  English, 
mathematics,  physics,  chemistry,  analytical  chemistrj",  mineralogy,  geology,  draw- 
ing, survej-ing,  ci^■il  engineering,  mechanical  engineerimg,  mining  engineering, 
metallurgy) ;  or  Metallurgy  (French  and  German,  English,  mathematics,  physics, 
general  chemistrj',  analytical  chemistry,  mineralogy,  geology,  drawing,  mechanical 
engineering,  mining  engineering,  and  metallurgj'). 

The  Degree  of  Civil  Engineer,  Mechanical  Engineer,  Mining  Engineer,  and 
Electrical  Engineer. 

The  degree  of  ci^•il  engineer  may  be  conferred  upon  bachelors  of  science  of  this 
universitj'  who  have  taken  the  degree  for  a  course  in  ci\-il  engineering  if  they  fur- 
nish satisfactory  evidence  that  they  have  pursued  further  technical  studies  for  at 
least  one  year,  and,  in  addition,  have  been  engaged  in  professional  work,  in 
positions  of  responsibility,  for  another  year.  The  first  of  the  above  requirements 
may  be  satisfied  by  pursuing  at  the  university,  under  the  direction  of  the  faculty, 
a  prescribed  course  of  study  for  an  amount  of  time,  not  necessarily  consecutive, 
equivalent  to  a  college  year.  If  the  candidate  does  not  reside  at  the  university,  his 
course  of  study  must  be  approved  in  advance  by  the  professor  of  civil  engineering, 
and  he  must  prepare  a  satisfactorj'  thesis  on  some  engineering  topic,  to  be  presented, 
together  with  a  detailed  account  of  his  professional  work,  one  month,  at  least, 
before  the  date  of  the  annual  commencement  at  which  he  expects  to  receive  the 
degree.  The  conditions  on  which  the  degrees  of  mechanical  engineer,  mining 
engineer,  and  electrical  engineer,  as  second  degrees,  are  conferred  upon  bachelors  of 
science  of  this  university  who  have  taken  the  degree  for  a  course  in  mechanical 
engineering,  in  mining  engineering,  or  in  electrical  engineering,  are  analogous  in 
character  to  those  enumerated  for  the  degree  of  civil  engineer. 

Doctors'  Degrees. 

Doctors'  degrees  are  conferred  only  on  persons  who  have  previously  received  a 
bachelor's  degree,  either  here  or  at  some  other  reputable  university  or  college,  and 
also  during  residence  here  have  made  special  proficiency  in  some  one  branch  of 
study,  and  good  attainments  in  two  other  branches,  and  have  presented  a  thesis  that 
shall  evince  the  power  of  research  and  of  independent  investigation.  It  is  not 
intended  that  the  doctors'  degrees  shaU  be  won  merely  by  faithful  and  industrious 
work  for  a  prescribed  time  in  some  assigned  course  of  study,  and  no  definite  term  of 
required  residence  can  be  specified;  but  it  is  the  practice  of  the  university  to  re- 
quire at  least  one  full  j'ear  of  residence  of  candidates  that  have  already  earned  a 
master's  degree,  and  at  least  two  full  years  of  candidates  that  have  previously  taken 
only  a  bachelor's  degree. 
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The  degree  of  doctor  of  philosophy  is  open  to  persons  that  have  received  the 
degree  of  bachelor  of  arts,  or  of  bachelor  of  philosophy ;  the  degree  of  doctor  of 
science  to  persons  that  have  received  the  degree  of  bachelor  of  science ;  and  the 
degree  of  doctor  of  letters  to  persons  who  have  received  the  degree  of  bachelor  of 
letters. 


THE  MICHIGAN  MINING  SCHOOL,  HOUGHTON,  MICHIGAN, 
UNITED  STATES. 

Mining  only  is  taught  at  this  school.  It  is  situate  in  Houghton  county,  in  the 
Portage  lake  copper-mine  district,  and  within  easy  reach  of  the  Keweenawan  and 
Ontonagan  copper  districts,  and  the  iron-mining  regions  of  Marquette,  Menominee, 
and  Gogebic. 

The  course  of  instruction  for  the  regular  students  extends  over  a  period  of  three 
years,  effecting  a  saving  of  time  in  years  by  continuing  the  work  through  most  of 
the  year,  and  by  making  the  course  strictly  professional  and  technical : — 

First  Year. — Mathematics,  drawing,  physics,  chemistry,  surveying,  mineralogy 
and  lithology,  physical,  chemical  and  mineralogical  laboratories. 

Second  Tear. — Differential  and  integral  calculus,  drawing,  properties  of 
materials,  chemistry,  qualitative  and  quantitative  analysis,  metallurgy,  petro- 
graphy, mechanics,  applied  mechanics,  mechanism,  electricity,  mining,  mine- 
surveying,  stratigraphical  geology  and  paleontology,  machine  shop,  and  chemical 
laboratory. 

Third  Year. — Graphical  statics,  quantitative  analysis,  metallurgy,  ore-dressing, 
mechanics  of  materials,  mechanical  engineering,  electrical  engineering,  physical 
geology,  metallurgical  analysis,  assaying,  practical  geology,  mining  engineering  and 
mine  accounts,  hydraulic  and  structural  engineering,  economic  geology,  and 
chemical  laboratory.  The  student  may  also  take  engineering  design  and  electric 
motors  and  their  applications,  or  chemical  analytical  methods.  Every  student 
who  is  pursuing  the  regular  course  is  required  to  select  either  engineering  design 
and  electrical  engineering,  or  technical  chemistry. 

In  order  to  be  able  to  give  more  time  to  the  technical  parts  of  the  education  of 
a  mining  engineer,  it  is  proposed  to  lengthen  the  course  of  study  to  four  years. 

Every  student  completing  the  three  years'  course  is  required  to  present  to  the 
faculty  a  satisfactory  thesis,  embodying  the  results  of  an  investigation  upon  some 
subject  related  to  the  studies  of  that  course,  before  he  can  be  recommended  to 
receive  his  degree.  Students  intending  to  graduate  in  any  year  are  required  to 
select  their  subjects  and  present  them  to  the  faculty  for  approval  by  the  1st  of 
March  of  that  year. 

Under  the  act  of  organization  the  board  of  control  have  made  the  school 
entirely  free,  no  charge  being  made  for  tuition  or  incidentals,  whether  the  student 
be  a  resident  of  the  State  of  Michigan  or  of  the  United  States  or  not ;  all  has  been 
made  free  to  the  students  from  every  land. 

Arrangements  are  made  whereby  those  who  desire  to  do  so  can  obtain  board 
and  rooms  in  private  families,  and  in  boarding-houses,  in  Houghton  and  Hancock, 
at  prices  varying  from  £3  to  £5  per  calendar  month.  The  necessary  expenses  of 
the  student  may  be  estimated  at  about  £50  to  £90  per  annum. 

Degrees. 

Students  who  complete  the  present  course  of  three  years,  and  present  a  satis- 
factory thesis,  will  receive  the  degree  of  mining  engineei'  or  engineer  of  mines 
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(E.M. ).  The  thesis  must  conform  to  the  requirements  detailed  above,  and  must  be 
completed  and  approved  by  the  facult}'  before  that  bodj'  Avill  recommend  that  the 
degree  of  mining  engineer  or  engineer  of  mines,  be  conferred  ujion  the  student. 

Those  who  wish  to  become  candidates  for  a  higher  degree  will  enter  under  the 
following  terms : — Students  who  are  graduates  of  this  institution,  or  of  others  of 
similar  grade,  whose  course  shall  be  approved  by  the  faculty,  will  be  admitted  as 
candidates  for  the  degree  of  doctor  of  philosophy.  In  order  to  attain  this  degree 
they  must  pursue  for  at  least  two  years  an  advanced  course  of  study  in  subjects 
germane  to  the  undergraduate  course  in  this  institution,  which  course  of  studj'  is 
to  be  approved  by  the  faculty.  One  of  the  years  of  study  may,  in  special  cases, 
be  spent  elsewhere,  and  the  work  accepted,  on  sufficient  proof  of  its  thoroughness 
and  high  character,  as  the  equivalent  of  one  year's  work  spent  here.  But  under 
no  condition  will  the  degree  be  given  unless  one  year  at  least  is  spent  as  a  resident 
worker  at  this  institution. 

Students  who  are  both  graduates  of  this  or  of  an  equivalent  professional  school, 
and  also  of  some  college  or  university  whose  course  of  studj^  is  accepted  by  the 
faculty,  may  be  admitted  to  the  degree  of  doctor  of  philosophy,  after  taking  for  at 
least  one  year  an  approved  course  of  study  at  this  institution.  The  degree  of 
doctor  of  philosophy  will  onlj-  be  given  in  case  the  student  shall  have  shown 
marked  ability,  power  for  original  investigation,  has  passed  a  satisfactory  oral 
public  examination,  and  presented  a  thesis  embodying  the  result  of  original 
investigation,  which  has  been  approved  by  the  faculty. 

Students  who  are  graduates  of  this  or  of  other  institutions  having  a  satisfactory 
equivalent  course,  and  who  shall  have  pursued  here,  according  to  the  above  regula- 
tions, a  successful  course  of  study  for  the  degree  of  doctor  of  philosophy,  may  at 
the  same  time  receive  the  degree  of  mining  engineer,  if  that  degi'ee  has  not  been 
conferred  at  their  previous  graduation. 


THE  UNIVERSITY  OF  MINNESOTA,  MINNEAPOLIS,  UNITED 

STATES. 

The  University  of  Minnesota  is  a  State  institution,  being  a  part  of  the  State 
educational  system.  It  is  situated  in  the  city  of  Minneapolis,  about  a  mile  below 
and  in  full  view  of  the  Falls  of  St.  Anthony. 

The  university  is  composed  of  the  following  colleges: — (a)  Science,  literature 
and  arts  ;  (6)  engineering,  metallurgy  and  mechanical  arts  ;  (c)  agriculture,  etc. 

The  university  has  no  dormitories,  except  for  the  school  of  agriculture,  but 
students  find  no  difiicultj'  in  obtaining  board  among  the  people  of  the  city.  Good 
board  can  be  obtained  in  private  families  at  prices  ranging  fi-oiu  £1  upwards  per 
week. 

The  university  cannot  promise  employment  to  those  desiring  to  earn  their  own 
living.  The  public  bounty  stops  at  furnishing  free  instruction.  Many  of  the 
students  support  themselves  while  in  college,  and  a  young  man  who  really  wants 
work,  and  wilL  look  for  it,  can  generally  find  it. 

The  average  necessary  annual  expenses  of  students  boarding  in  families  appear 
to  be  about  £60,  those  of  students  boarding  in  clubs  about  £40. 

The  CoLiJiGE  of  Exgineerixg,  Metallckgy,  axd  the  Mechanical  Arts. 

In  this  college  there  are  seven  regular  courses  of  studj',  viz.,  civil  engineering, 
mechanical  engineering,  electrical  engineering,  architecture,  mining,  chemistry,  and 
metallurgy  leading  to  the  corresponding  bachelor's  degrees. 
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Mininij  Enyineers. 

The  courses  of  study  in  niiiiiiig  are  as  follows  : — 

First  Year. — Algebra,  German  or  French,  chemistry,  chemical  laboratory  work, 
drawing,  trigonometry,  qualitative  analysis,  carpentry,  surveying,  and  military 
drill. 

Second  Year. — Analytical  geometry,  French  or  German,  topography,  draught- 
ing, physics,  mineralogy,  differential  and  integral  calculus,  descriptive  geometry, 
quantitative  chemical  analysis,  and  quantitative  blowpipe  assaying. 

Third  Year. — Mechanics,  geology,  quantitati\'e  chemistry,  assaying,  mining, 
metallurgy,  ni'ichanical  laboratory  work,  machine  design,  lithology,  ore-testing  and 
dressing,  drilling  and  blasting,  applied  geology,  and  technical  essay. 

Fourth  Year. — Methods  and  machinery  for  extracting  minerals  and  ores,  metal- 
lurgy, geology,  electrical  engineering,  law  (optional),  prospecting,  exploration  of 
mines,  etc.,  hydraulics,  steam  engines  and  motors,  designs  and  specifications,  mine 
engineering,  and  thesis  (optional). 

Mtfalhir(jiral  Emjineerimj. 

The  courses  of  study  in  metallurgy  are  : — 

First  Year. — Algebra,  German  or  French,  chemistry,  chemical  laboratory  work, 
drawing,  trigonometry,  qualitative  analysis,  carpentry,  surveying,  and  military 
drill. 

Second  Year. — Analytical  geometry,  French  or  German,  topograph^'-,  draught- 
ing, physics,  mineralogy,  differential  and  integral  calculus,  descriptive  geometry, 
quantitative  chemical  analysis,  and  quantitative  blowpipe  analysis. 

Thii'd  Year. — Mechanics,  geology,  quantitative  chemistry,  assaying,  mining, 
metallurgy,  mechanical  laboratory  work,  machine  design,  lithology,  ore-testing  and 
dressing,  applied  geology,  and  technical  essay. 

Fourth  Year. — Mining,  metallurgy,  geology,  electrical  engineering,  law  (optional), 
hydraulics,  steam  engines  and  motors,  designs  and  specifications,  and  thesis 
(optional). 


UNIVERSITY  OF  MISSOURI,  ROLLA,  MISSOURI,  UNITED  STATES. 

The  School  of  Mines  and  Metallurgy  is  an  institute  of  technology,  and  constitutes 
one  of  the  colleges  which,  taken  together,  form  the  University  of  the  State  of 
Missouri. 

The  course  of  instruction  at  this  school  deals  in  detail  with  the  principles  and 
the  practice  of  engineering,  with  special  reference  to  mining  engineering,  civil 
engineering,  mechanical  engineering,  chemistry  and  metallurgy,  mathematics, 
physics  and  electricity. 

At  the  close  of  the  year  each  member  of  the  senior  class  presents  a  paper  in 
which  he  records  some  independent  investigation,  in  a  subject  congenial  to  his 
tastes,  and  included  in  the  scope  of  his  course. 

Provision  is  now  made  for  the  following  technical  courses: — {a)  Mining 
engineering;  (6)  civil  engineering;  (c)  mechanical  engineering;  [d)  chemistry  and 
metallurgy;  and  (e)  mathematics  and  physics.  For  the  satisfactory  completion  of 
any  one  of  these  courses  the  degree  of  bachelor  of  science  will  be  given. 

The  requisites  for  admission  to  any  of  these  courses  are  passuig  grades  in  the 
subjects  taught  in  the  preparatory  course.  The  first  year  is  the  same  for  the 
engineering  courses ;  the  selection  being  made  at  the  bcgiiniiug  of  the  second 
year. 
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In  addition  to  the  regular  courses  outlined  above,  provision  is  made  for  special 
courses  in  assaying,  surveying,  and  electricity.  For  the  satisfactory  completion 
of  these  subjects  a  certificate  of  proficiency  will  be  given.  The  requisite  for 
admission  to  one  of  these  courses  is  a  knowledge  of  the  preparatory  studies  of  that 
subject. 

Pi-eparatory  Cotirse. 

The  course  of  study  is  : — 

First  Tear. — Higher  arithmetic,  English  grammar,  composition  and  rhetoric, 
algebra.  United  States  history,  phj'siology  and  hygiene. 

Second  Year. — English,  algebra,  physics,  solid  and  plane  geometry,  and 
chemistr}'. 

A  matriculation  fee  of  £2  is  payable  on  entrance,  and  a  library  fee  of  10s.  a 
term,  payable  on  the  first  day  of  each  term,  is  required  of  every  student.  The 
cost  of  books  and  stationery  may  be  assumed  to  average  £2  during  the  session. 
Board,  including  fuel,  lights,  washing,  etc.,  can  be  obtained  for  £2  to  £.3  a  month. 
The  necessary  expenses  for  the  school  year  are  from  £25  to  £40. 

Engineering  Course's. 
The  higher  courses  of  study  are  as  follows  : — 

First  Year. — General  chemistry,  elementary  mechanics,  descriptive  geometry, 
stereotom}',  trigonometry,  analytical  geometry,  chemical  laboratory  work,  field- 
work,  and  drawing. 

Mining  Engineering. 
Second   Year. — Analytical  geometry  and  calculus,  assaying,  physics,  chemical 
technology,  mineralogy,  geology,  civil  engineering,  mining  engineering,  chemical 
laboratory  work,  and  physical  laboratory  work. 

Third  Year. — Analytical  mechanics,  metallurgy,  electric  transmission  of  energy, 
dynamo-electric  machinery,  mining  engineering,  physical  laboratory  work,  chemical 
laboratory  work,  and  thesis. 

Degrees. 
A  diploma  of  graduation  is  conferred  on  one  who  has  passed  all  examinations  in 
any  of  the  following  departments  :  — Mathematics,  physics,  analytical  chemistry, 
engineering,  and  the  academic  course. 

The  degree  of  bachelor  of  science  in  mathematics  and  physics  is  conferred  upon 
one  who  has  passed  examination  on  all  of  the  subjects  of  instruction  in  the  course 
of  mathcmetics  and  physics. 

The  degree  of  bachelor  of  science  in  civil  engineeruig  is  conferred  on  one  who 
has  passed  examination  on  all  of  the  subjects  of  instruction  in  the  civil  engineering 
course. 

The  degree  of  bachelor  of  science  in  mining  engineering  is  conferred  on  one  who 
has  passed  examination  on  all  of  the  subjects  of  instruction  in  the  mining  engineer- 
ing course. 

The  degree  of  bachelor  of  science  in  mechanical  engineering  is  conferred  on  one 
who  has  passed  examination  on  all  of  the  subjects  of  the  mechanical  engineering 
course. 

The  degree  of  civil  engineer,  mining  engineer,  or  mechanical  engineer  is  con- 
ferred on  one  who,  having  graduated  in  civil,  mining,  or  mechanical  engineering, 
and  having  received  the  bachelor's  degree  therein,  has  identified  himself  with  the 
profession  during  a  period  of  not  less  than  thi'ee  years,  and  during  that  time  has 
demonstrated  by  work  his  fitness  for  his  chosen  profession. 
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WASHINGTON  UNIVERSITY,  ST.  LOUIS,  MISSOURI,  UNITED  STATES. 
\^■ashmgton  University,  founded  in  the  city  of  St.  Louis  iinder  an  Act  of  Incor- 
poration by  the  State  of  Missouri,  approved  February  •22nd,  1853,  is  intended  to 
embrace  the  whole  range  of  university  studies,  except  theology,  and  to  afford 
opportunity  of  complete  preparation  for  every  sphere  of  practical  and  scientific  life. 

The  Polytechnic  School. 

The  courses  of  study  in  the  Polytechnic  School  are  seven  in  number,  viz.  : — (a) 
Civil  engineering ;  (b)  mechanical  engineering ;  (c)  electrical  engineering ;  (d) 
chemistry  ;  (e)  mining  and  metallurgy  ;  (/)  science  and  literature  ;  and  (r/)  special 
studies  and  investigations  in  pure  and  applied  science. 

The  tuition  fee  in  the  undergraduate  department  is  £30  a  year.  The  yearly 
expenses  may  range,  according  to  tastes  and  habits  of  economy,  from  £75  to  £100. 

The  studies  are  the  same  for  all  tlie  courses  during  the  first  and  second  years, 
but  during  the  later  years  they  diverge  widely. 

First  Year. — Higher  algebra,  pneumatics,  heat,  laboratory  work,  French  or 
German,  mechanical  drawing,  English  composition,  orthographic  projections,  use 
of  joiner's  tools,  ethics,  plane  trigonometry,  optics,  freehand  drawing,  descriptive 
geometry,  chemistry,  history  of  England,  elocution  and  composition,  and  prac- 
tical wood  turning  and  pattern  making. 

Second  Year. — Analytical  geometry,  electricity,  magnetism,  and  laboratory 
work  ;  use  of  surveying  instruments ;  land,  topographical,  and  mining  surveymg  ; 
field  practice,  descriptive  geometry,  sketching,  brush  shading,  topographical  and 
isometric  drawing,  practical  forging  iron  and  steel,  differential  calculus,  hydro- 
graphic  and  railway  surveying,  curves  and  turnouts,  earth-work,  graphical  statics 
in  mechanics,  qualitative  chemical  analysis,  acoustics  and  laboratory  work, 
French  or  German,  and  English. 

Every  student  is  required,  during  the  vacations  following  the  first  and  second 
years,  to  prepare  reports  upon  suitable  engineering  methods  or  constructions  from 
personal  examinations  and  studies. 

Jliuiiig  and  Mefallargy. 

Third  Year.  ^Integral  calculus  and  applications,  zoology,  analytical  statics, 
dynamics,  qualitative  chemical  analysis  (lectures  and  laboratory  practice),  qualita- 
tive blowpipe  analysis,  crystallography,  mineralogy,  botany,  assaying,  metallurgy, 
drawing  (sections,  crystals,  plans  and  sections  of  mines  and  mining  machinery, 
furnaces,  apparatus  and  machinery  of  smelting- works,  etc.),  practical  hand  and 
machine-tool  work  on  metals,  sampling,  hand-panning,  fuel  tests,  mechanics,  steam 
engineering,  engineering  structures,  geology,  and  raining. 

Fourth  Year. — Mining,  metallurgy,  economic  geology,  quantitative  analysis  of 
ores,  blowpipe  analysis,  mechanics,  designs,  estimates  and  specifications  of  mining 
and  metallurgical  structures,  working  tests  in  gold  and  silver-milling  and  concentra- 
tion, electricity,  strength  of  materials,  political  economy,  electricity  and  mag- 
netism, assaying,  engineering,  and  lithology. 

Fifth  Year. — Metallurgy,  electricity,  economic  geology,  field  geology,  quantita- 
tive analysis,  micro-lithology,  mining,  ore-dressing,  mill-work,  thermodynamics, 
mining  law,  forms  and  accounts,  commercial  practice,  qualitative  analj^sis, 
palaeontology,  and  thesis  on  the  establishment  and  working  of  mines  and  smelting- 
works  under  given  conditions  (with  drawings,  estimates,  and  written  memoirs). 

During  the  summer  vacation  a  school  for  practical  work  is  held  for  about  twp 
months  in  some  mining  district.  All  the  students  of  the  mining  department  and 
those  about  to  enter  the  course  of  mining  and  metallurgy  after  having  completed 
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the  two  years  of  preparatory  work  are  required  to  take  part  in  the  work  of  the 
summer  school.  In  this  way  each  student  receives  the  benefit  of  three  seasons  of 
practical  work  in  coimexion  with  the  course.  While  in  the  field  the  students  are 
under  the  constant  supervision  of  an  assistant,  and  are  required  to  make  complete 
surface  and  underground  surveys,  take  sketches  and  notes  of  all  machinery  and 
appliances  used,  and  as  far  as  possible  take  part  in  the  practical  operations  con- 
nected with  the  mining  and  treatment  of  ores,  etc.  During  the  following  term  full 
reports  are  prepared  and  handed  in,  illustrated  with  accompanying  drawings  and 
collections  of  specimens. 

Degrees. 

The  degrees  corresponding  to  the  two  courses  of  study  conferred  upon  the  satis- 
factory completion  of  the  four  years'  work  are  : — (1)  The  degree  of  bachelor  of  arts ; 
(2)  the  degree  of  bachelor  of  philosophy. 

Tlie  degrees  granted  upon  tlie  completion  of  the  several  courses  of  study  fall  into 
two  classes  :  professional  and  non-professional.  Tlie  only  degree  conferred  upon 
students  in  the  professional  courses  (engineering  and  chemistry)  is  the  professional 
degree  at  the  completion  of  the  fifth  year's  work.  No  professional  or  master's 
degree  is  given  at  the  close  of  the  fourth  year. 

The  degrees  corresponding  to  the  courses  of  study  given  on  the  completion  of  the 
work  as  prescribed  are  : — [a)  Civil  engineer  ;  (6)  dynamic  engineer  ;  (c)  chemist ;  (d) 
engineer  of  mines  ;  (e)  bachelor  of  science  ;  and  (/)  master  of  science. 

The  degree  of  master  of  arts  is  open  to  all  who  have  received  from  this  university 
tlie  degree  of  bachelor  of  arts. 

The  degree  of  master  of  philosophy  is  open  to  all  who  have  received  from  this 
university  the  degree  of  bachelor  of  philosophy. 

The  degree  of  master  of  science  is  open  to  all  who  have  received  from  this 
university  the  degree  of  civil  engineer,  of  dynamic  engineer,  of  chemist,  or  of 
engineer  of  mines,  as  well  as  to  those  who  shall  have  pursued  the  special  five  years' 
course  prescribed  for  this  degree. 

The  degree  of  doctor  of  philosophy  is  open  to  all  who  have  received  the  degree 
of  master  from  this  university. 

In  no  case  will  the  degree  of  master,  as  a  second  degree,  be  conferred  in  less 
than  two  years  after  the  date  of  the  lower  degree,  nor  that  of  doctor  in  less  than 
one  year  after  the  date  of  the  master's  degree  ;  nor  will  such  degrees  be  recom- 
mended except  upon  satisfactory  evidence,  to  be  deteriniued  by  examination,  of  a 
proper  amount  of  study  and  attainment  in  advance  of  undergraduate  work. 


COLLEGE  OF  MONTANA,  DEER  LODGE,  MONTANA,  UNITED  STATES. 

The  college  presents  four  distinct  courses  of  study,  the  classical,  the  scientific, 
the  school  of  mines,  and  the  English  and  normal  department. 

The  instruction  in  the  academy  is  given  by  the  members  of  the  faculties  of  the 
college  and  school  of  mines.  The  course  of  instruction  has  been  prepared  with  a 
view  to  a  thorough  preparation  for  the  several  advanced  courses,  and  at  the  same 
time  is  complete  in  itself,  and  well  adapted  to  those  who  seek  only  a  foundation 
for  the  ordinary  business  of  life. 

The  School  of  Mixes. 

The  scheme  of  work  for  the  course  in  mining  engineering  is  appended ;  the 
course  in  civil  engineering  is  somewhat  similar,  but  with  such  modifications  as  may 
seem  necessary. 

The  degree  of  E.M.  is  given  to  graduates  in  the  school  of  mines. 
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Mining  Enfjinetring. 

The  course  of  lectures  is : — 

First  Year. — Trigouometry,  analytics,  general  chemistry,  German,  or  some 
selected  language,  qiialitative  analysis,  botany,  and  English. 

Second  Year. — Analytics,  calculus,  chemical  physics,  chemical  philosophy, 
physics,  quantitative  analysis,  descriptive  geometry,  metallurgy,  ci-ystallography, 
and  theoretical  mineralogy. 

Third  Year. — Calculus,  mechanics,  metallurgy,  geology,  mechanical  engineer- 
ing, mining  engineering,  civil  engineering,  strains  in  structures,  lithology,  and 
mineralogy. 

Fourth  Year. — Assaying,  railroad  engineering,  strains  in  stx-uctures,  ore-dress- 
ing, hydraulic  engineering,  properties  of  materials,  economic  geology,  applied 
chemistry,  sanitary  engineering,  heatmg  and  ventilation,  graphical  statics,  and 
lithology. 

The  practical  work  during  the  same  period  is:  — 

First  Year. — Qualitative  chemical  analysis  and  mechanical  drawing. 

Second  Year. — Quantitative  chemical  analysis,  crystallography,  and  blowpipe 
analysis. 

Third  Year. — Mechanical  drawing,  surveying,  blowpipe  analysis,  and  deter- 
minative mineralogy. 

Fourth  Year.  —Petrography,  railroad  surveying,  assaying,  graphical  statics,  and 
engineering  designing. 

During  the  vacation  at  the  end  of  the  third  year  the  students  in  mining  engin- 
eering are  expected  to  visit  a  number  of  mines,  and  to  make  a  thorough  study  of 
at  least  one  or  two  of  them. 

During  the  fourth  year  each  of  tlie  students  is  required  to  present  to  the  pro- 
fessor of  engineering  a  memoir  giving  a  detailed  description  of  the  mines  studied 
during  the  vacation,  and  illustrated  with  drawings  carefully  made  to  scale.  These 
memoirs  become  the  property  of  the  engineering  department,  and  are  kept  for 
reference  purposes. 

The  advantages  of  this  institution,  its  various  courses  of  study,  are  offered  to 
students  of  both  sexes  on  the  same  terms.  The  ladies  and  gentlemen  meet  in  the 
dining  hall,  in  the  chapel,  in  the  class-rooms,  and  on  such  social  occasions  as  the 
faculty  may  arrange  or  approve. 

Employment  is  given  to  a  limited  number  of  students  in  the  care  of  the  build- 
ings and  in  services  in  the  dining-room,  by  which  part  or  all  of  the  necessary 
expenses  are  met.  Rooms  may  be  obtained  in  town  for  self-boarding  at  reasonable 
rates. 

Board  at  the  college  includes  furnished  room,  with  heat  and  lights,  three  meals 
per  day,  laundry  (not  exceeding  fifteen  pieces  per  week),  mail  delivery  three  times 
a  day,  the  use  of  bath-room,  reading-room,  and  library,  per  month  of  four  weeks,  £6. 
The  entire  expenses  for  board  and  tuition  for  the  college  year  are  £70. 


COLUMBIA  COLLEGE,  CITY  OF  NEW  YORK,  UNITED  STATES. 

Columbia  College  consists  of  the  school  of  arts  (the  original  college,  founded  in 
1754) ;  of  sundry  professional  schools,  to  wit :  the  school  of  law,  the  school  of 
mines,  and  its  medical  department  by  joint  resolution,  the  cjUege  of  physicians 
and  surgeons,  admission  to  all  of  «  hich,  as  candidates  for  professional  degrees,  is 
open  to  all  students  whether  or  not  they  are  college-bred  men  ;  and  of  the  univer- 
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sity  faculties  of  law,  mines  (mathematics  and  pure  and  applied  science),  political 
science,  and  philosophy,  which  conduct  all  courses  leading  to  the  university 
degrees  of  master  of  arts  and  doctor  of  philosophy. 

The  pomt  of  contact  between  the  college  and  the  university  is  the  senior  year 
in  the  school  of  arts,  during  which  year  students  in  the  school  of  arts  pursue  their 
studies,  with  the  consent  of  the  faculty  of  arts,  under  one  or  more  of  the  university 
faculties.  The  various  schools  are  under  the  charge  of  their  own  faculties,  and  for 
the  better  conduct  of  the  strictly  university  work,  as  well  as  of  the  whole  institu- 
tion, a  university  council  has  been  established. 

The  School  of  Mines. 

In  the  School  of  Mines,  the  system  of  instruction  includes  : — 1.  Regular  under- 
graduate courses  in  (a)  mining  engineering  ;  (b)  civil  engineering  ;  (c)  electrical 
engineei'ing  ;  {d)  metallurgy  ;  (e)  geology  and  paleontology ;  (/)  analytical  and 
applied  chemistry  ;  and  (g)  architecture.  2.  Post-graduate  courses  in  (a)  electrical 
engineering  ;  (b)  sanitary  engineering  ;  and  (c)  special. 

Under  the  university  faculty  of  mines  there  is  instruction  in  elective  courses  for 
the  degree  of  (a)  master  of  arts  ;  (6)  doctor  of  philosophy  ;  and  (c )  special  courses. 

The  annual  tuition  fee  for  undergraduate  students  is  £40.  It  is  the  desire  of  the 
trustees  to  extend,  as  widely  as  possible,  the  educational  advantages  of  the  college 
to  deserving  j'oung  men.  Free  tuition  is  therefore  offered  to  undergraduate 
students  under  certain  conditions  which  need  not  be  specified  here. 

Mining  Engineering. 

The  course  of  study  is  as  follows  : — 

First  Year. — Trigonometry,  heat,  sound,  surveying,  botany,  chemistry,  qualita- 
tive analysis,  blowpipe  analysis,  algebra,  analytical  geometry,  descriptive  geometry, 
magnetism,  electricitj^  light,  crystallography,  drawing,  and  surveying. 

Second  Year. — Analytical  geometry,  calculus,  graphics,  excavation,  biology, 
hygiene,  applied  chemistry,  mineralogy,  tunnelling,  drawing,  and  surveying. 

Third  Year. — Analytical  mechanics,  electricity,  engineering,  properties  of 
materials,  graphical  statics,  mining,  geology,  assaying,  metallurgy,  physical 
laboratory  practice,  drawing,  practical  mining,  and  railroad  survejdng. 

Fourth  Year. — Mining,  machinery  and  mill-work,  mechanical  engineering,  heat 
and  its  applications,  economic  geology,  metallurgy,  ore-dressing,  quantitative 
analysis,  assaying,  and  project  or  thesis. 

Metallurgical  Engineering. 

The  course  of  study  is  as  follows  :  — 

First  i'ear. —Trigonometry,  algebra,  heat,  sound,  magnetism,  electricity,  light, 
surveying,  chemistry,  qualitative  and  blowpipe  anal^-sis,  analytical  and  descriptive 
geometry,  crystallography,  drawing,  and  surveying. 

Second  Year. — Analytical  geometry,  calculus,  graphics,  excavation,  tunnelling, 
hygiene,  applied  chemistry,  quantitative  analysis,  mineralogj',  drawing,  and 
surveying. 

Third  Year. — Analytical  mechanics,  electricity'  and  laboratory  practice,  engin- 
eering, properties  of  materials,  graphical  statics,  mining,  geology,  quantitative 
analysis,  metallurgy,  assaying,  drawng,  and  practical  mining. 

Fourth  Year. — Machinery  and  mill- work,  heat  and  its  applications,  economic 
geology,  metallurgy,  ore-dressing,  quantitative  chemical  analysis,  mining,  mechani- 
cal engineering,  assaying,  and  project  or  thesis. 
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During  the  vacation  at  the  end  of  the  third  year  a  class  in  practical  mining, 
composed  of  students  in  the  course  of  mining  engineering,  and  in  the  course  of 
metallurgy,  who  have  completed  their  thii'd  year,  is  required  to  visit  mines  for 
practical  mining  work. 

During  the  latter  part  of  the  vacations  following  the  close  of  the  first  and  second 
years,  students  in  the  courses  of  mining  and  civil  engineering,  metallurgy,  and 
geology  are  required  to  join  the  summer  class  in  surveying  under  the  direction  of 
the  assistant  professor  of  civil  engineering. 

During  the  vacation  following  the  close  of  the  third  year  students  in  the  courses 
of  mining  engineering  and  metallurgy  are  required  to  visit  mines  and  engage  in 
actual  work  or  study  under  the  superintendence  of  the  assistant  professor  of 
mining. 

Every  student  who  has  passed  satisfactory  examinations  is  recommended  for 
the  degree  of  engineer  of  mines,  civil  engineer,  metallurgical  engineer,  etc. 

Decrees. 

Any  student  who  has  taken  his  bachelor  degree  either  in  Columbia  College 
or  in  some  other  college  maintaining  an  equivalent  curriculum  (every  sucli  case  of 
equivalence  to  be  considered  ou  its  own  merits)  shall  be  entitled,  with  the  approval 
of  the  president,  to  become  a  candidate  for  the  degrees  of  master  of  arts  and  doctor 
of  philosophy,  or  either  of  them. 

Each  student  who  declares  himself  a  candidate  for  the  degi'ees  of  mastei  of  arts 
and  doctor  of  philosophy,  or  either  of  them,  shall,  immediately  upon  registration, 
designate  one  principal  or  major  subject  and  two  subordinate  or  minor  subjects, 
which,  when  approved  by  the  proper  faculty,  shall  be  the  studies  of  his  university 
course. 

Candidates  for  the  degrees  of  master  of  arts  and  doctor  of  philosophy,  or  either 
of  them,  must  pursue  their  studies  under  the  direction  of  tiie  professors  and  other 
officers  of  instruction  in  charge  of  the  subjects  selected  by  the  candidates. 

Each  candidate  for  the  degree  of  master  of  arts,  in  addition  to  passing  satisfac- 
tory examinations  on  prescribed  portions  of  the  subjects  selected  by  him  as  major 
and  minor,  shall  present  an  essay  on  some  topic  pre\iously  approved  by  the  pro- 
fessor in  charge  of  his  major  subject. 

Each  candidate  for  the  degree  of  doctor  of  philosophy,  in  addition  to  passing 
satisfactory  examinations  on  the  subjects  selected  by  him  as  major  and  minor,  shall 
present  a  dissertation  embodying  the  result  of  original  investigation  and  research, 
on  some  topic  previously  approved  by  the  faculty. 

Every  candidate  for  the  degree  of  doctor  of  philosophy,  in  addition  to  passing 
such  other  examinations  as  may  be  required  by  the  faculty,  shall  be  subjected  to  an 
oral  examination  on  his  major  subject,  and  shall  defend  his  dissertation  in  tlie  pre- 
sence of  the  entire  faculty,  or  of  so  many  of  its  members  as  may  desire  to  attend. 
The  ability  to  read  at  sight  two  or  all  of  the  following  languages  :— Latin,  French, 
and  German— as  each  faculty  may  determine,  will  also  be  required. 

For  the  degrees  of  master  of  arts  and  doctor  of  philosophy,  or  either  of  them, 
the  course  of  study  shall,  so  far  as  possible,  embrace  instruction  in  the  following 
groups  of  subjects : — [a)  Mathematics;  {h)  mechanics,  physics,  and  chemistry;  (c) 
biology,  botany,  palteontology,  mineralogy,  lithology,  geology,  astronomj^, 
meteorology,  physical  geography,  geodesy,  and  surveying ;  {d)  Engineering  (civil, 
mechanical,  electrical  or  sanitary),  mining,  metallurgj-,  and  architecture.  No 
candidate  for  a  degree  may  select  more  than  two  of  his  subjects  from  any  one 
group. 
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Candidates  for  the  degree  of  doctor  of  philosophy,  whose  preparatory  training  is 
purely  scientific,  will  be  required  to  select,  for  not  less  than  one  year,  a  minor 
course,  imder  the  direction  of  either  the  faculty  of  philosophy  or  the  faculty  of 
political  science. 


THE  OHIO  STATE  UNIVERSITY,  COLUMBUS,  OHIO,  UNITED  STATES. 

The  university  comprises  the  collegiate  department,  the  law  school,  and  a 
preparatory  department. 

The  collegiate  department  embraces  schools  of  arts  and  philosophy,  science, 
agriculture,  engineering,  pharmacy,  and  veterinary  medicine. 

The  instruction  given  in  the  collegiate  department  of  the  university  embraces  a 
wide  range  of  subjects,  in  accordance  with  the  following  classification  :— Agricul- 
ture, agricultural  chemistry,  astronomy,  botany,  civil  engineering,  drawing, 
electrical  engineering,  chemistry,  geology,  English  and  rhetoric,  French,  German, 
Romance  languages,  Spanish,  Greek,  Italian,  Latin,  history,  horticulture,  mathe- 
matics, mechanical  engineering,  metallurgy,  mine  engineering,  military  science  and 
tactics,  pharmacy,  philosophy,  physics,  physiology,  political  science,  veterinary 
medicine,  zoology  and  entomology. 

A  charge  of  £1  a  term,  or  £3  per  year,  is  levied  upon  all  students,  under  the 
head  of  incidental  expense.  There  are  dormitories  in  the  university  grounds  for 
the  use  of  students  at  a  rent  of  6s.  per  term,  and  the  expense  of  board,  etc.,  varies 
from  6s.  to  13s.  per  week.  The  uniform  with  whicli  the  members  of  the  battalion 
are  required  to  pro\-ide  themselves  costs  about  £4  15s.  The  expenses  of  a  student, 
excluding  clothing  (except  uniform),  and  travelling  expenses  varies  from  £27  to 
£75.  There  is  a  large  amount  of  work  on  the  university  farm  which  can  be 
performed  to  advantage  by  the  students,  and  for  which  they  are  paid  at  current 
rates  for  such  labour.     Some  students  defray  all  their  expenses  in  this  way. 

The  School  of  Exgineerixg. 

The  school  of  engineering  consists  of  those  departments  represented  in  the 
courses  leading  to  the  degrees  of  civil  engineer,  engineer  of  mines,  and  mechanical 
engineer,  and  in  the  short  course  in  mining. 

No  student  is  permitted  to  take  less  than  15  or  more  than  18  hours  a  week 
of  class-room  work,  except  by  special  permission  of  the  committee  of  the  school  in 
which  he  is  enrolled ;  and  no  student  will  be  permitted  to  take  more  than  the 
regular  work  of  the  class  to  which  he  belongs,  who  lias  not  satisfactorily  completed 
all  of  his  work  for  the  preceding  term. 

The  degree  of  civil  engineer  is  conferred  on  tliose  who  have  completed  the 
course  of  study  in  ci^•il  engineering  ;  that  of  engmeer  of  mines  on  those  who  have 
completed  a  course  in  mining  engineering ;  that  of  mechanical  engineer  on  those 
who  have  completed  the  course  in  mechanical  engineering  or  that  in  electrical 
engineering. 

MiniiKj  Engineering. 

The  course  in  minmg  engineering  is  arranged  for  students  intending  to  become 
miniiic  engineers  and  surveyors,  metallurgical  or  technical  chemists.  The  curricu- 
lum, therefore,  while  keeping  mathematics,  drawmg,  and  engineering  prominent, 
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also  provides  extended  work  in  applied  chemistry,  chemical  analj^sis,  assaying, 
mineralogy,  geology,  and  survejdng,  with  especial  application  to  mines  and  under- 
ground \yoYk,  while  the  treatment  of  ores,  both  mechanical  in  ore-dressing  and 
chemical  in  metallurgy,  forms  an  important  feature  : — 

Fi7'st  Year. — Mathematics,  chemistry,  mineralogy,  drawing,  French  or  German, 
English,  and  military  drill. 

Second  Year. — Mathematics,  mechanical  laboratory  work,  metallurgy,  French  or 
rjerman,  English,  militarj-  drill,  and  drawing. 

Third  Year. — Mechanics,  strength  of  materials,  physics,  metallurgy,  bridge- 
strains,  mine-surveying,  assaying,  determinative  mineralogj-,  and  English. 

Fourth  Year. — Mining  engineering,  geology,  oi-e-dressing,  metallurgy,  electrical 
engineering,  photography,  and  plans  and  specifications. 

As  a  requisite  for  graduation  each  candidate  must  present  an  acceptable  thesis 
embodying  the  results  of  a  special  study.  The  subject  of  the  study  must  lie  within 
the  field  of  metallurgy  or  of  mining  engineering. 

Short  Course  in  Mining. 

This  course  is  intended  for  students  lacking  time  and  preparation  for  the  full 
course,  and  is  principallj'  designed  for  those  who  have  had  some  practical  expei-i- 
ence  as  miners.  The  work  is  more  elementary  in  character  than  in  the  long  course, 
and  is  made  to  apply  especially  to  coal-mining. 

First  Year. — Mathematics,  physical  geography,  physics,  and  militarj^  drill. 

Second  year.— Mine-surveying,  ventilation  and  haulage,  mine  operating,  mineral 
chemistry,  drawing,  mechanical  laboratory  work,  geologj',  and  military  drill. 


THE  CASE  SCHOOL  OF  APPLIED  SCIENCE,  CLEVELAND,  OHIO, 
UNITED  STATES. 

The  object  of  this  school  is  to  teach  mathematics,  physics,  engineering  (mechani- 
cal and  civil),  chemistrj-,  economic  geology,  mining  and  metallurgy,  natural  history, 
drawmg,  modern  languages,  and  such  other  kmdred  branches  of  learning  as  the 
trustees  may  deem  advisable. 

The  fee  for  tuition  is  £15  per  year,  and  the  fees  for  chemicals  and  use  of  instru- 
ments and  apparatus  is  £5  per  year.  Young  men  who  are  good  mechanics,  either 
carpenters  or  machinists,  and  who  are  dependent  upon  their  own  exertions  for  an 
education,  will  be  furnished  work  in  the  school-shops  to  pay  their  tuition  in  part, 
if  they  desire  it.  The  cost  of  text-books,  stationery,  etc.,  will  average  about  £5 
per  year.  Board  and  rooms  can  be  obtamed  at  from  16s.  to  24s.  per  week.  The 
total  expense  for  tuition,  board,  room,  books,  etc.,  for  the  school  j'ear,  may  vary 
from  £50  to  £70. 

Courses  of  instruction  are  provided  in  civil  engineering,  mechanical  engineering, 
electrical  engineering,  mining  engineering,  drawing,  physics,  chemistry,  mineralogy, 
geologj-,  mathematics,  astronomy,  architecture,  and  the  English,  French,  and  Ger- 
man languages. 

The  following  regular  courses  of  study  have  been  established  ;  each  course 
requires  four  years  for  completion,  and  for  proficiency  in  any  of  them  the  degree  of 
bachelor  of  science  in  the  course  pursued  is  conferred: — (1)  General  course;  (2) 
civil  engineering  ;  (3)  mechanical  engineering ;  (4)  mining  engineermg ;  (5)  electrical 
engineering;  (6)  physics;  (7)  chemistry;  and  (8)  architecture. 

The  general  course  is  intended  for  students  who  do  not  desire  to  give  as  much 
time  to  a  single  topic  as  is  given  in  the  other  regular  courses.     During  the  last  two 
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years  the  course  is  largely  optional.  During  the  first  year  the  work  is  the  same  for 
all  regular  students  in  the  school.  At  the  end  of  this  year  the  student  is  expected 
to  select  one  of  the  regular  courses  of  study  to  be  pursued  during  the  remaining 
three  years  of  his  course. 

The  course  in  minmg  engineering  comprises  the  studies  common  to  all  of  the 
engineering  courses,  and  in  addition  special  instruction  in  mining  surveying,  mining 
machinery,  chemistry,  mineralogy,  geology,  and  metallurgy  as  follows : — 

First  Year. — Algebra,  chemistry,  chemical  laboratory  work,  descriptive 
geometrj^  mechanical  drawing,  trigonometry,  analj-tical  geometry,  English  liter- 
ature, rhetoric,  and  French. 

Second  Year. — Survejdng,  calculus,  physics,  physical  laboratory  work,  mechan- 
ism, French,  German,  chemical  analysis,  surveying  and  levelling. 

Third  Year.  —  Chemical  philosophy,  chemical  analysis,  machine  design,  mining 
engineering,  mechanical  laboratory  work,  mechanics,  materials  of  engineering, 
phj'sics,  physical  laboratory  \\oi'k,  mineralogy,  German,  steam  engine,  topography, 
geology,  and  assaying. 

Fourth  Year. — Engmeering  construction,  metallurgy,  practical  metallurgy,  and 
ore  treatment. 

The  course  is  completed  by  the  preparation  of  a  thesis,  for  which  the  greater 
part  of  the  second  semester  of  the  fourth  year  is  assigned. 

The  degree  of  bachelor  of  science  will  be  given  to  those  who  complete,  in  a 
satisfactory  manner,  either  of  the  regular  courses  of  study.  Previous  to  the 
conferring  of  the  degree  the  candidate  must  prepare  and  hand  in  a  satisfactory 
thesis  upon  some  technical  subject,  selected  bj'  him,  with  the  approval  of  the  professor 
in  charge  of  the  department  in  which  he  desires  to  graduate. 

The  engineering  degrees,  A-iz.,  civil  engineer,  mechanical  engineer,  electrical 
engineer,  and  engineer  of  mines,  will  be  conferred  upon  graduates  in  those  depart- 
ments who  pursue  their  technical  studies  one  year  more,  or  have  been  engaged  in 
professional  work  in  positions  of  responsibility  for  three  years  ;  in  either  case  a 
further  thesis  on  an  entirely  original  technical  topic,  or  a  detailed  account  or  report 
of  tlie  professional  work  engaged  upon,  must  be  presented  for  acceptance  at  least 
twenty  days  prior  to  the  date  of  conferring  degrees. 


UNIVERSITY  OF  PENNSYLVANIA,  PHILADELPHIA,  PENNSYLVANIA, 

UNITED  STATES. 

The  university  comprises  the  following  departments :— The  college  including 
arts,  science,  architecture,  natural  history,  finance  and  economy,  and  music,  and 
departments  of  medicine,  law,  dentistry,  philosophy,  veterinary  medicine,  physical 
education,  and  hygiene. 

The  general  course  in  science  covers  five  yeais— two  years  of  general  literary 
and  scientific  study,  and  three  years  devoted  chiefly  to  technical  training  in  one  of 
the  following  courses : — Chemistry,  mhaing  and  metallurgy,  cIa^I  engineering,  and 
mechanical  and  electrical  engineering. 

The  work  of  the  first  and  second  years  in  science  includes  English,  history, 
mathematics,  drawing,  chemistry,  physics,  hygiene,  and  one  modern  language 
(German  or  French). 

In  the  years  devoted  to  technical  instruction  are  included  courses  in  English, 
the  modern  languages,  history,  philosophy,  and  political  economy,  with  the  neces- 
sary instruction  in  pure  and  applied  mathematics  and  the  scientific  branches  allied 
to  the  principal  subject  of  the  course. 
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Students  of  regular  standing  receive  at  the  end  of  the  fourtli  year  tlie  general 
degree  of  bachelor  of  science,  and  at  the  end  of  the  fifth  year  the  degree  of  master 
of  science.  The  technical  degree  appropriate  to  the  course  pursued  may  be  con- 
ferred iipon  masters  of  science  of  two  years'  standmg  who  have  made  satisfactory 
progress  in  their  professions  and  have  presented  an  acceptable  thesis. 

TOWNE   SCIKNTIFIC    SCHOOL. 

The  courses  in  this  school  are  divided  into  two  groups.  In  the  one  are  included 
the  courses  which  are  regarded  as  the  continuation  of  the  general  course  in  science ; 
in  the  other  the  courses  of  technical  instruction  of  four  years.  The  technical 
divisions  of  the  general  course  in  science  cover  three  years. 

Good  board  can  be  had  near  the  university  at  from  20s.  to  30s.  a  week.  The 
expenses,  including  board,  tuition,  and  text-books,  will  vary  from  £55  to  £95  per 
annum. 

The  courses  are  :— (1)  Pure  and  applied  chemistry;  (2)  metallurgy  and  mining  ; 
(3)  civil  engineering ;  and  (4)  mechanical  engineering. 

Third  Tear.— -English  literature,  rhetoric  and  declamation,  German  or  French, 
differential  and  integral  calculus,  heat  and  light,  electricity  and  magnetism,  min- 
ing engineering,  mines  and  mining  machinery,  prospecting  and  developing  mineral 
deposits,  crystallography,  lithology,  qualitative  chemical  analysis,  civil  engineering, 
applied  mechanics,  map  pi'ojection,  graphics,  and  surveying. 

Fourth  Year. — English,  rhetoiic  and  declamation,  economics  and  social  science, 
experimental  physics,  physical  laboratory  work,  tlieory  of  metallurgical  processes, 
assaying,  construction  of  parts  of  mines  and  of  mining  machinery  from  notes  and 
sketches,  machinery  employed  in  haulage,  hoisting,  and  pumping,  mineralogy, 
gravimetric  and  volumetric  analysis. 

Fifth  Year.  — Metallurgy,  mining  engineering,  geology,  and  analytical  chemistry. 

Degrees. 

Technical  courses  of  four  years  lead  to  the  degrees  of  bachelor  of  science  in 
mechanical  engineering,  in  electrical  engineering,  in  civil  engineering,  in  chemistry, 
and  in  architecture,  respectively. 

Bachelors  of  science  in  mechanical  and  electrical  engineering,  civil  engineering, 
architecture,  or  chemistry,  of  three  j-ears'  standing,  who  have  shown  marked  pro- 
gress in  their  professions  and  have  submitted  a  satisfactory  thesis,  may  receive 
the  degree  of  master  of  science,  together  with  the  technical  degrees  appropriate 
to  the  course  pursiied. 

The  degree  of  master  of  arts  or  of  science  is  conferred  upon  bachelors  of  arts  or 
science  respectively,  on  examination  after  one  year  of  resident  study. 


THE  LEHIGH  UNIVERSITY,  SOUTH  BETHLEHEM,  PENNSYLVANIA. 
UNITED  STATES. 

The  necessary  expenses  for  the  collegiate  year  (clothing  and  travelling  not  in- 
cluded) vary  from  £70  to  £100. 

The  School  of  Technology. 

This  school  includes  seven  distinct  courses :  civil  engineering,  mechanical 
engineering,  mining,  metallurgy,  electrical  engmeering,  chemistry,  and  architecture. 

The  courses  in  mining  and  metallurgy  aim  at  fitting  the  student  for  practical  work 
in  either  of  the  branches  of  mining,  metallurgy,  metallurgical  chemistry  or  geology. 
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At  the  end  of  the  first  year  an  opportunity  is  given  the  student  to  select  one 
of  two  courses  leading  to  the  various  degrees.  These  allow  a  full  course  in  either 
mining  or  metallurgy  to  be  acquired  in  four  years,  and  afford  to  the  student  whose 
time  is  limited  and  who  desires  to  practice  one  of  the  above  branches  the  means 
for  rapid  work.  The  graduate  in  either  course  can  obtain  the  engineer's  degree 
(E.M.)  by  one  year  of  post-graduate  work.  For  graduates  of  this  university  in 
the  course  of  civil  engineering,  a  one  year  course  has  been  arranged,  leading  to 
the  degree  of  bachelor  of  science  in  metallurgy  (B.Sc). 

The  programme  of  subjects  and  studies  for  the  degree  of  engineer  of  mines 
comprise  one  modern  language  (French  or  German),  drawing  and  construction, 
chemistry,  mineralogy,  geology,  astronomy,  applied  mechanics,  surveying,  metal- 
lurgj',  and  mming. 

The  course  of  instruction  is  as  follows  : — 

First  Tea ?•.— Mathematics,  surveying,  English,  rhetoric,  chemistry,  French  or 
German,  drawing,  physiology  and  health,  and  gjarmasium. 

The  Coiirse  in  Metcdhirgy. 

Second  Fea?*.— Mathematics,  analytical  geometry,  differential  and  integral 
calculus,  mechanics,  heat,  magnetism,  electricity,  French  or  German,  drawings 
of  metallurgical  plant,  surveying,  chemistry,  chemical  laboratory  work,  stoichio- 
metry,  English,  essays  and  declamation,  and  gj-mnasium. 

Third  Year. — Mathematics,  calculus,  analytical  mechanics,  strength  of  material, 
crystallography,  assaj-ing,  chemical  philosophy,  French  or  German,  metallurgy, 
mineralogy,  blowpipe  analysis,  chemistry,  quantitative  annlysis,  steam  engine, 
essays  and  orations,  literature  and  history,  and  gpnnasium. 

Fourth  Year. — ^Metallurgy,  blo-s^-pipe  analysis,  lithology,  mechanics  of  machinery, 
quantitative  analysis,  chemistry,  graphical  statics,  projects  in  metallurgy,  min- 
ing, geology,  hydraulics,  hydrostatics,  designing  of  furnaces  and  metallurgical 
plant,  American  and  English  literature,  Christian  evidences,  preparation  of  thesis, 
and  gymnasium. 

Fifth  5'ear. —]SIining,  geology,  drawing  of  mining  plant,  survejdng,  astronomy, 
geological  surveying,  and  preparation  of  thesis. 

The  Course  in  Mining. 

Second  Fear. —Mathematics,  analytical  geometry,  differential  and  integral 
calculus,  mechanics,  heat,  magnetism,  electricity,  French  or  German,  crystal- 
lography, surveying,  levelling,  chemistry  and  laboratory  practice,  mineralogy, 
English,  essays,  and  gynmasium. 

Third  Year. — Matliematics,  calculus,  analytical  mechanics,  strength  of 
materials,  geology,  lithology,  surveying,  levelling,  blo-wpipe  analysis,  steam  engine, 
geological  surveying,  French  or  German,  literature  and  history,  essays  and  orations, 
and  gymnasium. 

Foiirth  Year. — Mining,  mechanics  of  machinery,  astronomy,  surveying,  assajnng, 
drawing  of  mining  plant,  projects  in  geology  and  mining,  hydraulics,  hj-drostatics, 
American  and  English  literature,  Christian  evidences,  preparation  of  thesis,  and 
gymnasium. 

Fifth  Year. — Metallurgj',  blowpipe  analj-sis,  quantitative  analysis,  chemical 
laboratory  work,  chemical  philosophy,  drawing,  designing  furnaces  and  other 
metallurgical  plant,  graphical  statics,  stoichiometry,  projects  in  metallurgy, 
astronomj-,  and  preparation  of  thesis. 


THE   EDUCATION   OE   ^flXING   EXGINEERS,  527 

Every  student  will  be  required  to  present  a  thesis  upon  some  topic  connected 
with  his  special  course  as  a  necessarj-  portion  of  the  exercises  for  his  final  examina- 
tion for  a  diploma.  These  theses  shall  be  accompanied  by  drawings  and  diagrams, 
when  the  subjects  need  such  illustration. 

Degrees. 

On  account  of  the  great  number  and  scope  of  the  studies  necessary  to  the  attainment 
of  the  degree  of  engineer  of  mines  (E.M. ),  which  includes  that  of  metallurgist,  five 
years  are  required.  At  the  end  of  the  fourth  year  the  student  will  have  completed 
a  course  similar  to  that  leading  to  the  scientific  degree  in  other  institutions,  and 
will  receive  the  degree  of  bachelor  of  science  (B.Sc. ). 

The  facult}"  will  recommend  for  the  degree  of  master  of  science  any  candidate, 
otherwise  properly  qualified,  who,  after  taking  at  this  university  the  degree  of 
bachelor  of  science,  or  any  degree  in  the  School  of  Technologj-,  shall  pursue,  for  at 
least  one  year  at  this  university,  or  two  j-ears  elsewhere,  a  course  of  studj'  pre- 
scribed by  the  faculty  in  at  least  two  departments,  pass  a  thorough  examination  in 
the  same,  and  present  a  satisfactory  thesis. 

The  faculty  will  recommend  for  the  degree  of  doctor  of  philosophy  any  candi- 
date otherwise  properly  qualified,  who,  after  taktn-  at  this  university  the  degree  of 
master  of  arts  or  master  of  science,  shall  pursue,  for  at  least  one  year  at  this 
university,  or  two  years  elsewhere,  a  course  of  advanced  study  prescribed  by  the 
faculty,  in  at  least  two  departments,  pass  a  thorough  examination  in  the  presence 
of  the  faculty  in  the  same,  and  present  a  satisfactory  thesis  giving  evidence  of 
original  investigation.  The  candidate  must  have  a  good  knowledge  of  Latin,  and 
either  French  or  German. 


LAFAYETTE  COLLEGE,  EASTON,  PENNSYLVANIA,  UNITED  STATES. 

The  aim  of  Lafayette  College  is  distinctly  religious.  Under  the  general  direc- 
tion of  the  Synod  of  Pennsylvania  of  the  Presbyterian  Church  its  instruction  is  in 
full  sympathy  with  the  doctrines  of  that  body.  At  the  same  time  religious 
instruction  is  carried  on  with  a  xievf  to  a  broad  and  general  direction  along  the 
lines  of  general  acceptance  among  evangelical  Christians,  the  points  of  agreement, 
rather  than  those  of  disagreement,  being  dwelt  upon.  Students  are  expected  to 
attend  one  of  the  Presbyterian  churches,  or  a  church  of  the  denomination  to  which 
they  or  their  parents  belong. 

The  annual  college  charges  are,  for  those  who  pay  tuition  in  full,  about  £23  for 
technical  s  udies.  With  economy,  the  total  annual  expenses — exclusive  of  tuition, 
clothing,  and  travelling  expenses — need  not  exceed  £50. 

Biblical  instruction  is  given  in  every  class  of  all  departments  in  each  week.  In 
the  first  year  a  general  view  of  the  contents  of  the  Bible  and  of  each  book  is  given, 
with  special  attention  to  chronology,  history,  and  geography.  In  the  second  year 
the  Acts  of  the  Apostles  is  the  subject  of  instruction.  In  the  third  year  the 
Epistle  to  the  Romans  is  studied  :  the  students  in  the  scientific  courses  read  it  in 
German.  In  the  fourth  year  a  course  in  Christian  ethics  is  given  and  instruction 
in  Christian  evidences.  Instruction  in  the  history  of  ihe  English  Bible,  its 
translations  and  its  translators,  its  merits  and  its  influence,  is  given  from  time  to 
time  It  is  intended  that  the  Bible  shall  be  a  central  object  of  study  throughout 
the  course. 

The  lectures  on  health  during  the  first  year  include  the  general  principles  of 
physiology  and  anatomy,  and  special  consideration  is  also  given  to  the  bearing  of 
the  facts  and  principles  upon  natural  theology. 
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Engineer  of  Mines. 

There  are  three  courses  in  engineering — those  of  civil,  mining,  and  electrical 
engineering.  The  instruction  in  all  the  engineering  courses  is  substantially  the 
same  during'  the  first  two  years  of  the  course,  except  that  the  electrical  engineers 
substitute  the  study  of  physics  and  practical  work  in  the  phj-sical  laboratory  for  a 
part  of  the  surveying,  field,  and  office-work  of  the  other  courses. 

The  course  leading  to  the  degree  of  engineer  of  mines  is  intended  to  provide  in 
a  thorough  manner  a  good  foundation  for  professional  work,  by  a  careful  study  of 
the  facts  and  principles  involved  in  the  numerous  problems  which  are  encountered 
by  the  mining  engineer  in  the  practice  of  his  profession. 

First  Year.  —  NJathematics,  chemistry,  drawing,  physiology,  French  and  Ger- 
man, surveying,  plane  and  spherical  trigonometry,  and  mensuration. 

Second  Year.  —Mathematics  (analytical  geometry,  difi'erential  calculus,  integral 
calculus),  French  and  German,  English,  drawing,  surveying,  mineralogy,  practice 
with  blow-pipe,  and  botany. 

Third  Year.  —  Mechanics,  surveying,  mining,  qualitative  analysis,  heat,  light, 
electricity,  descriptive  geometry,  drawing,  quantitative  analysis,  assaying,  optics, 
acoustics,  resistance  of  materials,  elements  of  machinery,  building  construction, 
geology,  and  New  Testament  epistles  in  German. 

Fourth  Year. — Steam  engine,  mine-surveying,  map  of  mine-sui-vey,  machine 
drawing  and  designing,  graphical  statics,  metallurgy,  mining,  quarrj^ing,  political 
economy,  history,  quantitative  analj'sis,  and  graduation  thesis. 

Degree.?. 

The  degree  of  civil  engineer  is  conferred  on  graduates  of  the  civil  engineering 
course  ;  engineer  of  mines  on  those  of  the  mining  engineering  course  ;  and  electrical 
engineer  on  those  of  the  electrical  engineering  course. 

The  degree  of  master  of  science  may  be  conferred  three  years  after  graduation 
on  any  graduate  of  the  scientific  depai-tment  who  has  passed  his  graduate  period 
in  collegiate  or  professional  study  and  practice,  or  who  shall  submit  to  the  faculty 
a  satisfactory  literary,  philosophical,  or  scientific  paper.  The  same  degree  may  be 
conferred  two  years  after  graduation  on  any  graduate  of  the  scientific  department 
who  shall  have  devoted  at  least  one  year  exclusively  to  ad\anced  study  in  the 
college  under  the  direction  of  the  faculty  and  passed  examinations  in  the  studies 
pursued. 

The  degree  of  doctor  of  philosophy  may  be  confer^  ed  on  any  graduate  of  this 
college  who  shall  have  taken  a  prescribed  course  of  special  reading  for  three  years 
after  graduation,  passed  examinations  in  approved  courses  of  study,  and  presented 
a  thesis  showing  evidence  of  original  research.  The  same  degree  may  be  conferred 
two  j'ears  after  graduation  on  any  college  graduate  who,  during  two  years  of 
continuous  residence  at  the  college,  shall  have  devoted  himselt  exclusively  to 
advanced  studies  iinder  the  direction  of  the  facultj-,  passed  examinations  in  them, 
and  presented  a  satisfactory  thesis  on  one  of  the  studies  pursued. 
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ANNUAL  REPORT  OF  THE  COUNCIL. 

The  following  table  exhibits  the  progress  of  the  number  of  the  mem- 
bership during  the  two  past  years  : — 

Honorary  Members 

Members        

Associate  Members  ... 
Associates 
Students 
Subscribing  Collieries 

Totals        670  691  740 

Ninety-eight  members  of  all  classes  have  joined  the  Institute  during 
the  year,  and  after  allomng  for  the  losses  of  members  through  death,  etc., 
there  remains  a  net  increase  of  49  members.  While  congratulating  the 
members  upon  the  increasing  prosperity  of  the  Institute,  the  Council 
would  especially  ask  them  at  all  times  to  promote  its  claims  and  advan- 
tages, and  to  extend  its  membership. 

The  connexion  with  the  Federated  Institution  of  Mining  Engineers 
has  now  existed  for  four  years,  and  the  character  of  the  papers  communi- 
cated at  its  well-attended  meetings  proves  that  its  success  is  now 
assm-ed.  The  Mining  Institute  of  Scotland  has  now  become  federated, 
and  it  is  hoped  that  the  remaining  non-federated  mining  and  metallurgical 
institutes  may  join  at  early  dates. 

The  library  has  been  maintained  in  an  efficient  condition  dm-mg  the 
year.     The  additions  by  donations,  exchange,  and  purchase  have  been  : — 

Bound  volumes        ...         ...       260 

Pamphlets,  reports,  etc.      ...         ...         ...         ...       234 

A  total  of       494  titles. 

And  there  are  now  at  least  6,401  volumes  and  1,022  unbound  pamphlets 
in  the  library. 
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Mr.  Thomas  Dacres,  has  presented  two  MS.  vohimes  of  sections  of 
Borings  and  Sinkings,  and  the  Council  have  pleasure  in  recording  the 
thanks  of  the  Institute  to  him  for  these  valuable  records. 

The  sets  of  some  of  the  Transactions  of  Societies,  etc.,  in  the  library 
are  incomplete  owing  to  loss  of  volumes  or  parts,  and  it  is  urgently 
desired  that  members  will  return  any  volumes,  etc.,  in  their  possession 
to  the  librarian.* 

Members  could  also  render  usefnl  service  to  the  profession,  by  presenta- 
tions of  books,  reports,  plans,  etc.,  to  the  Institute,  where  they  would  be 
preserved  in  the  library,  and  be  available  for  reference. 

The  report  of  the  committee  on  mechanical  ventilatoi's  is  being 
completed,  and  the  Council  trust  that  it  will  be  shortly  issued  to  the 
members. 

During  the  coui-se  of  the  year,  it  was  deemed  desirable  to  dissolve  the 
then  existing  explosives  committee,  and  a  new  committee  Avas  apjwinted  to 
continue  the  investigations  and  to  report  upon  the  so-called  "flameless 
explosives."  The  committee  anticipate  being  able  to  issue  a  preliminary 
report  of  their  proceedings  during  the  course  of  the  year. 

The  fifth  volume  of  the  Borings  and  Sinkings  is  now  approaching 
completion,  and  the  Council  tnist  that  the  concluding  volumes  will  be 
issued  shortly. 

The  Institute  has  again  been  placed  on  the  list  of  corresponding 
societies  of  the  British  Association,  and  Prof.  J.  H.  Merivale  has  been 
appointed  to  act  as  delegate  at  the  ensuing  meeting  at  Nottingham. 

The  papers  communicated  to  the  Institute  have  been  : — 

"  Use  of  Cement  in  Shaft-sinking."     By  Mr.  Bennett  H.  Brough. 

"  Observations  on  Fans  of  Different  Tyj^es  working  on  the  same  Upcast 

Shaft."     By  the  llev.  G.  M.  Capell. 
"  Manometric  Efficiency  of  Fans."     By  the  Rev.  G.  M.  Capell. 
"  The  Choice  of  Coarse  and  Fine-crushing  Machinery  and  Processes  of  Ore 

Treatment."     By  Mr.  A.  G.  Charleton. 
"  Steam  Boilers  with  Forced  Blast :  the  Ferret  System  for  Burning  Dust  and 

Rejected  Fuels ;    with  notes  on  Testing   Boilers."     By   Mr.    Bryan 

Donkin,  Jun. 
'•  The  Electric  Transmission  of  Power  and  its  Analogies  in  Hydraulics."     By 

Prof.  Wm.  Garnett. 
"  Notes  on  the  Occurrence  of  Manganese  Ore  near  the  Arenigs,  Merioneth- 
shire,"    By  Mr.  Edward  Halse. 
"  Notes  on  the  Occurrence  of  Manganese  Ore  near  Mulege,  Baja  California, 

Mexico."     By  Mr.  Edward  Halse. 

"  The  Gold  Bearing  Veins  of  the  Organos  District,  Tolima,  U.S.  Colombia." 
By  Mr.  Edward  Halse. 

*  See  list  in  Annual  Report  of  the  Council  for  1892. 
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"The  Education  of  Mining  Engineers."     By  Prof.  J.  H.  Merivale. 
•'  The  Ordnance  Maps."     By  Prof.  J.  H.  Merivale. 

•'Joseph  Moore's  Hydraulic  Pumping  Arrangement."     By  Mr.  Ft.  T.  Moore. 
"  The  Geology  and  Coal-deposits  of  Natal."     By  Mr.  R.  A.  S.  Redmayue. 
"  Gold-mining  in  Brazil."     By  Mr.  E.  M.  Touzeau. 

"Queensland  Coal-mining  and  the  Method  adopted  to  Overcome  an  Under- 
ground Fire."     By  Mr.  E.  S.  Wight. 
"The  Coad  Electric  Miner's  Lamp."     By  Mr.  Henry  White. 

The  unfortunate  fire  in  the  buildings  of  the  Literary  and  Philosophical 
Society  resulted  in  no  damage  to  the  buildings  of  this  Institute,  which  so 
closely  adjoins. 

An  agreement  has  been  sealed  with  the  North  Eastern  Railway 
Company  for  the  use  of  an  entrance  from  Orchard  Street,  and  the 
occupation  of  a  broad  passage  adjoining  the  basement  of  the  Wood 
Memorial  Hall, 


FINANCE  REPORT. 

The  ordinary  income  for  the  year  1892-93  amounted  to  £1,811 14s.  3d., 
being  an  increase  over  the  ordinary  income  of  the  previous  year  of 
£83  18s.  5d. 

The  total  receipts  from  subscriptions  and  arrears  (excluding  sums  paid 
iu  advance)  amomited  to  £1,460  lis.  Od.,  an  increase  of  £74  19s.  Od.  over 
the  preceding  year. 

The  total  amount  of  subscriptions  now  in  arrear  (including  those  for 
the  year  1892-93)  is  £220  10s.  Od.,  which,  it  is  expected,  will  be  fully 
paid.  The  sum  of  £264  12s.  Od.,  extending  over  nine  years,  has  been 
struck  off  during  the  year  as  irrecoverable  arrears. 

The  total  expenditure  amounted  to  £1,732  15s.  6d.,  a  decrease  of 
£165  2s.  9d.  on  the  previous  year,  but  that  year  included  exceptional  pay- 
ments on  account  of  cleaning  the  Wood  Memorial  Hall,  and  the  expendi- 
ture of  the  Explosives  Committee.  An  increase  of  £210  lis.  Od.  in  the 
subscriptions  to  the  Federated  Institution  is  caused  by  the  increased 
niunber  of  members,  and  the  special  call  made  to  meet  the  deficiency  on 
the  fii-st  three  years'  working  of  that  Institution. 


ACCOUNTS. 


De. 


The  TEEAsrEEE  in  AccorxT  with  the  Noeth  of  England 

Foe  the  Yeae  ending 


448  14 
36  18 


1 
• 

100  10 

0 

100  10 

0 

53  12 

6 

July  23, 1892. 

To  Balance  at  Bankers 
„         ,,        ill  hand 

„  Dividend  of  3f  per  cent,  on  134  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Co.,  Ltd.,  for 
the  half  year  ending  December,  1892 
„  „       3x  for  half  year  ending  June,  1893 

„  Interest  on  Investments  with  the  River  Tyue  Commis- 
sioners   ... 


To    SUBSCEIPTIONS    FOE   1892-93    AS    FOLLOWS  : — 

431  Members          @  £2  2s.       905     2     0 

26  Associate  Members    ...         ...         ...  @  £2  2s.         54  12     0 

28  Associates       @)  £1  Is.         29     8     0 

21  Students         @  £1  Is.         22     1     0 

56  New  Members            @  £2  2s.       117  12     0 

14     „     Associate  Members      @  £2  2s.           29  8     0 

16     „     Associates          @  £1  Is.         16  16     0 

5     „     Students            ...         ...         ...  @  £1  Is.           5     5     0 

To    SUBSCEIBING    COLLIEBIES,    VIZ.: —  1,180      4      0 

Ashingtou  Coal  Company            ...         ...  £2     2     0 

Birtley  Iron  Company     ...         ...         ...  660 

Bridgewater  Trustees       ...         ...         ...  6     60 

Marquis  of  Bute 10  10     0 

Earl  of  Durham 10  10    0 

Has  well  Coal  Company    ...          ...         ...  440 

Hetton  Coal  Company 10  10     0 

Hutton  Henry  Coal  Company    ...         ...  2     2     0 

Marquess  of  Londonderry            ...          ...  10  10     0 

North  Brancepeth  Coal  Company          ...  2     2     0 

Owners  of  North  Hetton  Colliery          ...  6     6     0 

Ry  hope  Coal  Company     ...         ...          ...  440 

Seghill  Coal  Company     220 

South  Hetton  Coal  Company      ...         ...  4     4     0 

Stella  Coal  Company        ...          ...         ...  220 

Owners  of  Throckley  CoUiery     2     2     0 

Victoria  Garesfield  '         220 

Wearmouth  Colliery        ...         ...         ...  4     4     0 

„  1  New  Subscribing  Colliery — 

Butterkuowle  Coal  Company      ...          ...  2     2     0 


£       s.   d.      £      s.    d. 


92     8    0 


Less — Subscriptions  for  current  year  jjaid  in  advance 
last  year 


To  Arrears 

,,  Subscriptions  paid  in  advance  during  current  year 
„  Sale  of  Publications 


2  2 

0 

1,274  14 
23  2 

0 
0 

1,251  12 
208  19 

0 
0 

1.460  11 
53  11 

0 
0 

485  12     6 


254  12     6 


1,514    2    0 
42  19    9 


£2.297     6    9 


ACCOUNTS. 


Institute  of  Mining  and  Mechanical  Engineebs. 
Juir  31,  1893. 


Ce. 


July  22, 1893. 

By  Stationery  Account 
„  Books  for  Library  ... 
„  Prizes  for  Papers    ... 
„  Incidental  Expenses 
„  Sundry  Accounts     ... 
„  Travelling  Expenses 
„  Salaries 
„  Clerks'  Wages 
„  Reporter's  Salary    ... 
,,  Rent ... 
„  Rates  and  Taxes 
,,  Insurance     ... 
„  Furnishing,  Repairs,  etc. 
„  Coals,  Gas,  and  Water 

„  Postages        

„  General  Index 


„  Fan  Committee 

„  Explosives  Committee 

„  British  Association  Meeting — Delegate's  Expenses 


By  Federated  Institution  of  Mining  Engineers — Subscrip 

tions        ...         ...         ...         ...         

Less — Amounts  repayable  by  Authors  for  Excerpts 


£     s.    d.       £      s.   d. 


.   157  3 

9 

74  1 

3 

36  15 

0 

53  19 

4 

14  6 

6 

0  8 

6 

.   150  0 

0 

.   143  12 

8 

14  14 

0 

95  5 

8 

17  19  10 

8  15 

9 

26  4 

9 

22  6 

0 

45  5 

2 

15  19 

6 

2  19 

0 

85  1 

1 

6  9 

0 

791  15  10 
30    7     1 


876  17    8 


94    9    1 


761    8    9 


By  Balance  at  Bank 

„  ,,        in  hand 

„  Outstanding  Amounts  by  Authors  for  Excei'pts 


468  3  8 
84  12  3 
11  15     4 


I  have  examined  the  above  account  with  the  Books  and  Vouchers 
relating  thereto,  and  certify  that,  in  my  opinion,  it  is  correct. 

JOHN  G.  BENSON, 

Chaeteeed  Accountant. 
Newcastle-upon-Tyne, 

August  4th,  1893. 


1,732  15    6 


564  11     3 


£2,297    6    9 
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Db.  The  Theasuheb  in  Account 


To  544  Members, 

24  of  whom  are  Life  Members. 


£       s.    d.       £       s.    d. 


520                         520                 @£2  2s 1,092     0  0 

To     35  Associate  Members. 

5  of  whom  are  Life  Members. 

30                        30                  @  £2  2s ,   ...  G3     0  0 

To     34  Associates                            @  £1  Is ...  35  14  0 

To     37  Students, 

1  transferred  to  list  of  Members. 

36                         36                @£1  ]s 37  16  0 

To     18     Subscribing  Collieries             92     8  0 

To     56  New  Members                    (S  £2  2s 117  12  0 

To     14  Xew  Associate  Members  @  £2  2s 29     8  0 

To     16  Xew  Associates                  @  £1  Is 16  16  0 

To       5  Mew  Students                    @  £1  Is 5     5  0 

To  New  Subscribing  Collieries ...         6     6  0 


1,496    5    0 


To  Arrears,  as  per  Balance  Sheet  1891-92       470     8     0 

Deduct  G  Students  transferred  to  Members®  £1  Is.     ...  6     6     0 


464     2     0 
iess— Struck  off  as  irrecoverable.     Arrears  £206  17     0 
.,  „  ,,         Current  year       57  15     0 

264  12     0 

■ 199  10     0 


1,695  15  0 

To  Subscriptions  for  previous  year  paid  by  New  Members            ...          ..          8     8  0 

„  Subscriptions  Paid  in  Advance        53  11  0 

£1,757  14  0 


ACCOUNTS. 


WITH  Subscriptions,  1892-93. 


By  431  Members,  paid 
By  87  „  unpaid 

By     2  .,  dead     . 

520 


Cr. 


PAID.  UNPAID. 

£      s.   d.  £      s.  d. 

@£2  2s.       905     2     0  

@£2  2s 182  14     0 

@£22s 4    4    0 


By    26  Associate  Members,  paid 
By     4         .,  „         unpaid 

30 


@£2  2s.         54  12     0  

^^  £2  2s 8     8     0 


By   28  Associates,  paid   ... 
By     6         „  unpaid 

34 


@  £1  Is.         29     8     0  

@  £1  Is 6    6    0 


By   21  Students,  jmid 
By   15         „         unpaid 

36 


@£lls.         22     1     0  

@  £1  Is 15  15     0 


By  Subscribing  Collieries 

By  56  New  Members,  paid 

By  14  New  Associate  Members,  paid  ... 

By  16  New  Associates,  paid 

By     5  New  Students,  paid 

By     1  New  Subscribing  Colliery,  paid 

By      1  ,,  ,,  unpaid 

Less  struck  ofE  as  irrecoverable 

By  Arrears,  paid 

„         „       unpaid 
By  Subscriptions  paid  in  advance 


92     8     0 

@  £2  2s, 
@  £1  Is 
(a)  £1  Is. 


117  12 

0 

29  8 

0 

16  16 

0 

5  5 

0 

2  2 

0 

4  4 

0 

1,274  14 

0 

221  11 

0 

57  15 

0 

163  16 

0 

208  19 

0 

56  14 

0 

53  11 

0 

1,537  4 

0 

220  10 

0 

1,537  4 

0 

£1,757  14    0 
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OFFICEES,     1893-94. 


PRESIDENT. 
A.  L.  STEAVENSON,  Esq. ,  Durham. 

VICE-PRESIDENTS. 
T.  W.  BENSON,  Esq.,  11,  Newgate  Street,  Newcastle-upon-Tyne. 
C.  BERKLEY,  Esq.,  Marley  Hill,  Swalwell,  R.S.O.,  Co.  Durham. 
T.  DOUGLAS,  Esq.,  The  Garth,  Darlington. 
W.  F.  HALL,  Esq.,  Haswell  Colliery,  Haswell,  via  Sunderland. 
J.  L.  HEDLEY,  Esq.,  22,  Hawthorn  Terrace,  Newcastle-upon-Tyne. 
G.  MAY,  Esq.,  Harton  Colliery,  near  South  Shields. 

COUNCIL. 

H.  ARMSTRONG,  Esq.,  Chester-le-Street. 

W.  C.  BLACKETT,  Esq.,  Acorn  Close,  Sacriston,  Durham. 

V.  W.  CORBETT,  Esq.,  Chilton  Moor,  Fence  Houses. 

T.  E.  FORSTER,  Esq.,  3,  Eldou  Square,  Newcastle-upon-Tyne. 

W.  H.  HEDLEY,  Esq.,  Cousett  Collieries,  Medomsley,  Newcastle-upon-Tyne. 

T.  HEPPELL,  Esq.,Leafield  House,  Birtley,  Chester-le-Street. 

H.  LAWRENCE,  Esq.,  Grange  Iron  Works,  Durham. 

C.  C.  LEACH,  Esq.,  Seghill  Colliery,  Northumberland. 

T.  LISHMAN,  Esq.,  Hetton  Colliery,  Hetton-le-Hole,  R.S.O. 

H.  PALMER,  Esq.,  East  Howie  Colliery,  near  Ferryhill. 

M.  W.  PARRINGTON,  Esq.,  Wearmouth  Colliery,  Sunderland. 

A.  M.  POTTER,  Esq.,  Riding  Mill-upon-Tyne. 

R.  ROBINSON,  Esq.,  Howlish  Hall,  near  Bishop  Auckland. 

T.  O.  ROBSON,  Esq.,  Chowdene  Cottage,  Gateshead-upon-Tyne. 

T.  H.  M.  STRATTON,  Esq.,  Cramlington  House,  Northumberland. 

S.  TATE,  Esq. ,  Trimdon  Grange  Colliery,  Co.  Durham. 

R.  L.  WEEKS,  Esq.,  WilUngtou,  Co.  Durham. 

W.  0.  WOOD,  Esq.,  South  Hetton,  Sunderland. 


Sir  GEORGE   ELLIOT,   Bart.,   D.C.L.,    1,    Park   Street,    Park   Lane, 
London,  W. 

Lord  ARMSTRONG,  C.B.,  LL.D.,  D.C.L.,  Cragside,  Rothbury. 

LINDSAY  WOOD,  Esq.,  The  Hermitage,  Chester-le-Street. 
%  !  G.  B.  FORSTER,  Esq.,  3,  Eldon  Square,  Newcastle-upon-Tyne, 
i  ]  JOHN  DAGLISH,  Esq.,  Rothley  Lake,  Cambo,  R.S.O.,  Northumberland. 

Sir  LOWTHIAN  BELL,  Bart.,  D.C.L.,  Rounton  Grange,  Northallerton. 

WM.  COCHRANE,  Esq.,  Grainger  Street  West,  Newcastle-upon-Tyne. 

J.  B.  SIMPSON,  Hedgefield  House,  Blaydon-upon-Tyne.  ) 

W.  ARMSTRONG,  Esq.,  Pelaw  House,  Chester-le-Street.  Retiring  Vice-President 

TREASURER. 
REGINALD  GUTHRIE,  Esq.,  Neville  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
M.  WALTON  BROWN,  Esq.,  Neville  Hall,  Newcastle-upon-Tyne. 
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LIST     OF     MEMBERS, 

JULY  31,  1893. 

PATRONS. 

His  Grace  the  DUKE  OF  XORTHUMBERLAND. 

The  Most  Noble  the  MARQUESS  OF  LONDONDERRY. 

The  Eight  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Riglit  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq. 

BARON  BARNARD. 


HONORARY  MEMBERS. 

*  Honorary  Members  during  term  of  office  only. 

Date  of  Election 

1  The  Right  Honourable  the  EARL  of  RAVENSWORTH,  Ravens- 
worth  Castle,  Gateshead-upon-Tyne       ...         ...         ...         ...  Nov.     3,  1877 

2*J.  B.  ATKINSON,  Esq.,  H.M.  In.spector  of  Mines,  Glasgow      ...  Aug.     4,  1888 

3*W.  N.  ATKINSON,  Esq.,  H.M.  Inspector  of  Mines,  Newcastle, 

Staffordshire  Aug.     4,  1888 

4*W.   BEATTIE-SCOTT,  Esq.,  H.M.   Inspector  of  Mines,   Great 

Barr,  near  BirmLugham      ...         ...         ...         ...         ...         ...  Dec.    10,  1887 

5*PRor.    P.    PHILLIPS   BEDSON,    Durham   College   of   Science, 

Newcastle-upon-Tyne         Feb.    10,  1883 

6*TH0MAS  BELL,  Esq.,  H.M.  Inspector  of  Mines,  Durham         ...  Aug.     4,  1888 

7*Prof.   G.   S.  BRADY,  Durham  College  of  Science,  Newcastle- 
upon-Tyne     Nov.     6,  1875 

8  Dr.  BRASSERT;  Berghauptmann,  Bonn-am- Rhein,  Prussia      ...  Dec.     8,  1883 

9  JOSEPH    DICKINSON,   Esq.,    South   Bank,   Pendleton,    Man- 

chester   Dec.    13,  1852 

10*C.  LE  NEVE  FOSTER,  Esq.,  Inspector  of  Mmes,  Llandudno  ..  Aug.    4,  1888 
IPProf.  WILLIAM  GARNETT,  Durham  College  of  Science,  New- 
castle-upon-Tyne      April  11,  1885 

12* JOHN  GERRARD,  Esq.,   H.M.  Inspector  of  Mines,   Worsley, 

Manchester June  11,  1892 

13*HENRY    HALL,    Esq.,    H.M.    Inspector   of   Mines,   Ramhill, 

Prescott         March4,  1876 

14* J.    L.    HEDLEY,    Esq.,    H.M.  Inspector  of   Mines,  Newcastle- 
upon-Tyne     April   9,  1892 

15*PRor.  A.  S.  HERSCHEL,  Observatory  House,  Slough,  Bucks  ..  Aug.     3,  1872 

16  The  Very  Rev.  Dr.  LAKE,  Dean  of  Durham       Feb.     3,  1S72 

17*Prof.  G.  a.  LEBOUR,  Durham  College  of  Science,  Newcastle- 
upon-Tyne    Nov.     1.  1879 

18  J.  A.  LONGRIDGE,  Esq.,  Greve  d'Ayette,  Jersey  Dec.    11,  1886 
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19* J.  S.  MARTIN.  Esq.,  H.M.  Inspector  of  Mines,  Clifton Aug.  4,  1SS8 

20*JOSEPH  T.  ROBSON,  Esq.,  H.M.  Inspector  of  Mines,  Swansea  Aug.  4,  1888 
21*J.  M.  RONALDSON,  Esq.,  H.M.  Inspector  of  Mines,  44,  Athole 

Gardens,  Glasgow Aug.  4,  1888 

22*A.  H.  STOKES,  Esq.,  H.M.  Inspector  of  Mines,  Greenliill,  Derby  Aug.  4,  1888 
23*Prof.  H.  STROUD,  Durham  College  of  Science,  Newcastle-upon- 
Tyne  Nov.  5,  1892 

24  M.  E.  VUILLEMIN,  Mines  d'Aniche,  Nord,  France        Sept.  7,  1878 

25*FRANK   N.  WARDELL,  Esq.,  H.M.  Inspector  of  Mines,  Wath- 

on-Deai'ne,  near  Rotherham         ...         ...         ...         ...         ..    Feb.  4,  1865 


MEMBERS. 

Marked  *  have  paid  life  composition. 

1  Aburrow,   Charles,    Box   5,   Post   Office,    Johannesburg,  amfofSusfe? 

Transvaal        Feb.   13,  1892 

2  ACKROYD,  Wm.,  Morley  Main  Collieries,  Morley,  near  Leeds  Feb.     7,  1880 

3  Agniel,   S.,  Mines  de  Vicoigne  (Nord),  Nceux  (P.  de  C),  A.M.  April 23,  1887 

France M.June    8,1889 

4  Aitkin,  Henry,  Falkirk,  N.B Mar.    2,1865 

5  Allan,    John   F.,    c/o    Caldwell   and    Watson,    109,  Fen- A.?vl.  Feb.    10,1883 

church  Street,  E.C M.June    8,1889 

6  Allan,  T.  Alexander,  Brightlands,  Richmond  Hill,  Surrey  Feb.    11,  1893 

7  Allison,   J.    J.    C,    Woodland    Collieries,    Butterknowle,  A.M.  Feb.    13,  1886 

R.S.O.,  Co.  Durham  M.  June    8,  1889 

8  Anderson,  C.  W.,  Belvedere,  Harrogate        Aug.  21,  1852 

9  Anderson,  R.  S.,  Elswick  Colliery,  Newcastle-upon-Tyne...        S.  June    9,  1883 

A.M.  Aiig.  4,  1888 

M.  Aug.  3,  1889 

10  Andrews,  Hugh,  Swarland  Hall,  Felton,  Northumberland  Oct.  5,  1872 

11  Angus,  James,  Radcliife,  Acklington,  Northumberland      ...  Oct.  8,  1892 

12  Archer,  T.,  6,  Park  Terrace,  Gateshead -upon-Tyne  ...  July  2,  1872 

13  Armstrong,   Lord,  C.B.,  LL.D.,  D.C  L.,  Cragside,  Roth- 

bury  (Past-President,  jlfe»i6e)' o/ (7oitKc«7j       May    3,1866 

14  Armstrong,  Henry,  Chester-le-Street  (Member  of  Council)  A.M.  April  14,  1883 

M   June    8,  1889 

15  Armstrong,  Wm.,  Pelaw  House,  Chester-le-Sti-eet  (Retiring 

Vice-President,  il/e»«&pr  o/ CoMnCT7^  ...         ...  Aug.  21,  1852 

16  Armstrong,  W.,  Jun  ,  Wingate,  Co.  Durham        S.  April    7,  1867 

M.  Aug.    6,  1870 

17  Armstrong,  W.  L.,  Newton  Lane  Colliery,  Victoria  Coal       S.  Mar.     3,  1864 

and  Coke  Co.,  Limited,  near  Wakefield M.Aug.     1,1868 

18  Arnold,  T.,  Castle  Hill,  Greenfields,  Llanelly         A.M.  Oct.      2,  1880 

M.  June    8,  1889 

19  AsQUiTH,  T.  W.,  Harperley,  Lintz  Green,  Newcastle-upon- 

Tyne     I'eb.     2,  1867 

20  Atkinson,  Claude  W.  ,  The  Electrical  Coal  Cutting  Contract 

Corporation,    Limited,     2,    St.     Nicholas'     Buildings, 
Newcastle-upon-Tyne  Aug.     6,  1892 

21  Atkinson,  Fred.  R.,  Winton  Square,  Stoke-on-Trent       ...        S.  Feb.   14,  1874 

A.M.  Aug.    4,  1883 
M.  June    8,  1889 
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22  Atkinsox,  L.  B.,  Messrs.  T.  H.  Goolden  and  Co.,  Woodfield 

Works,  Harrow  Road,  London 

23  Aubrey,  R.   C,  The  Midland   Coal,  Coke  and  Iron  Co., 

Limited,  Halmerend,  near  Newcastle,  Staffordshire     ... 

24  AusTiNE,  JoHX,  Cadzow  Coal  Co.,  Glasgow 

25  Aytox,  Ernest  F.,  El  Bote  Mining  Negociacion,  Zacatecas, 

Republic  of  Mexico 

26  Aytox,  Henry,  Cowpen  Colliery,  Blyth,  Northumberland 


27  Bailes,  E.  T. ,  Wingate,  Ferryhill        

28  Bailes,  T.  ,  Jesmond  Gardens,  Newcastle-upon-Tyne 

29  B.^LEY,  Samuel,  30,  Waterloo  Street,  Birmingham 

30  Bain,  R.  Donald,  85,  Pembroke  Road,  Clifton,  Bristol     . . . 

31  Bainbridge,  E.,  Nunnery  Colliery  Offices,  Sheffield 

32  Ball,  Alfred  F.  ,  14,  Lansdowne  Terrace,  Gosforth 

33  Banks,  Thomas,  60,  King  Street,  Manchester  

34  Barrett,  C.  R.  Whitehill  Hall,  Chester-le-Street 


35  Bartholomew,  C,  Castle  Hill  House,  Ealing,  London,  W. 
36*Bartholomew,  C.  W.,  Blakesley  Hall,  near  Towcester 

37  Batey,  John,  Newbury  Collieries,  Coleford,  Bath 

38  Baumgartner,    W.    0.,    2,   Ash   Place,    Newcastle   Road, 

Monkwearraouth 

39  Bayldon,  Daniel  Hy.,  3,  Drapers'  Gardens,  London,  E.C.  ; 

letters  to  Spitzkop,  Lydenburg,  S.A.R.  

40  Beanlands,  Arthur,  Palace  Green,  Durham 

41  Bell,  Sir  Lowthian,  Bart.,  Rounton Grange,  Northallerton 

(Past-'Prysibe'st,  Member  of  Council  J 

42  Bell,  C.  E.,  Park  House,  Durham       

43  Bell,  Geo.  F.,  H.  M.  Inspector  of  Mines,  30,  Eldon  Street, 

Newcastle-upon-Tyne 

44  Bennett.  Alfred  H.,   Dean  Lane  Collieries,  Bedminster, 

Bristol 

45  Benson,  J.  G.,  12,  Grey  Street,  Newcastle-upon-Tyne 

46  Benson,  T.  W.,  11,  Newgate  Street,  Newcastle-upon-Tyne 

(Vice-President,  iWem?)er  q/"  Co«na7^    ... 

47  Berkley,   C,   Marley  Hill,  Swalwell,   R.S.O.,   Co.    Dur- 

ham (Vice-President,  iLTemier  o/"  Coima7^ 

48  Berkley,  Frederick,  Lumley  Thicks,  Fence  Houses 

49  Berkley,   R.   W.,   Marley  Hill,  Whickham,  R.S.O.,  Co, 

Durham 


Date  of  Election 
and  of  Transfer. 


Aug.     6,  1892 


Feb. 

5,  1870 

'Nov. 

4,  1876 

Aug. 

1,  1891 

S.  Mar. 

6,  1875 

A.M.  Aug. 

2,  1884 

M.  June 

8,  1889 

A.M.  Jime 

7,  1879 

M.  June 

8,  1889 

Oct. 

7,  1858 

June 

2,  1859 

S.  March],  1873 

M.  Aug. 

5,  1876 

S.  Dec. 

3,  1863 

M.  Aug. 

1,  1868 

A.M.  Dec. 

11,  1886 

M.  June 

8,  1889 

Aug. 

4,  1877 

S.  Nov. 

7,  1874 

A.M.  Aug. 

7,  1880 

M.  Dec. 

11,  1886 

Aug. 

5,  1853 

Dec. 

4,  1875 

Dec. 

5,  1868 

S.  Sept. 

6,  1879 

M.  Aug. 

3,  1889 

Feb. 

8,  1890 

Mar. 

7,  1867 

July 

6,  1854 

S.  Dec. 

3,  1870 

M.  Oct. 

4,  1879 

S.  Sept. 

6,  1879 

A.M.  Aug. 

6,  1887 

M.  Aug. 

3,  18S9 

A.M.  April 

10,  1886 

M.  June 

8,  1889 

Nov. 

7,  1874 

Aug.    2,  1866 


Aug.  21, 

1852 

A.M.  Dec.  9, 

1882 

M.  June  8, 

1889 

S.  Feb.  14, 

1874 

A.M.  Aug.  7, 

1880 

M.  June  8, 

1889 
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and  of  Transfer. 

50  Bewick,   T.   J.,   Broad  Street  House,  Old   Broad   Street, 

London,  E.C.  April  5,  1860 

51  Beynon,  J.  C.  S.,  P.O.  Box  1364,  Johannesburg,  Transvaal  June  10,  1893 

52  BiGGE,  D.  Selby,  27,  Mosley  Street,  Newcastle-upon-Tyne...  June  13,  1891 

53  BiGLAND,  J.,  Henknowle,  Bishop  Auckland June    3,1857 

54  BiLGRAMi  Syed  Ali  Shamstjl  Ulama,  Director-General  of 

Mines,  Hyderabad,  Deccan,  India  April  11,  1891 

55  BiNNS,  G.  J.,  Netherseal  Colliery,  Burton-on-Trent  ...  Aug.    7,  1886 

56  BiRAM,   B.,    Peaseley    Cross   Collieries,  St.    Helen's,  Lan- 

cashire    Sept.    6,  1855 

57  Bishop,  James,   Grey  Valley  Coal  Co.,  Brunnerton,  Grey- 

mouth,  New  Zealand  ...         ...         ...  Aprill3,  1889 

58  Black,  W.,  Hedworth  Villa,  South  Shields  April  2,  1870 

59  Blackburn,  Wm.  Stevenson,  Aire  Villas,  Astley,  Woodles- 

ford,  near  Leeds         Dec.   10,1887 

60  Blackett,  W.  C,  Jun.,  Acorn  Close,  Sacriston,   Durham        S.  Nov.    4,  1876 

(Member  of  Council)  A.M.Aug.    1,1885 

M.  June    8, 1889 

61  Blakeley,  a.  B.,  Soothill  Wood  Coll.  Co.,  Ltd.,  near  Batley        S.  Feb.  15,  1879 

M.  Aug.    3,  1889 

62  Bolton,    Edgar  Ormerod,  Executor  of  Col.  Hargreaves, 

Colliery  Ofl&ces,  Burnley      April  12,  1890 

63  Bolton,  H.  H.,  Newchurch  Collieries,  near  Manchester    ...  Dec.     5,  1868 

64  Boucher,  A.  S.,  P.O.  Box  53,  Krugersdorf,  South  African 

Republic  Aug.    4,  1883 

65  Boyd,  Wm.,   North  House,   Longbenton,   Newcastle-upon- 

Tyne     Feb.     2,  1867 

66  BR.4DF0RD,  Geo.,  Witton  Park,  Darlington Oct.    11,  1890 

67  Bram  well,  Hugh,  Great  Western  Colliery,  near  Pontjrpridd,        S.  Oct.     4,  1879 

Glamorganshire  A.M.  Aug.    G,  1887 

M.  Aug.    3,  1889 

68  Breakell,  Thomas,  Brassington,  near  Derby  Feb.    11,1893 

69  Breckon,  J.  R.,  53,  John  Street,  Simderland  Sept.    3,  1864 

70  Broja,  Richard,  Koeniglicher  Oberbergratli,  35,  Fri^drich 

Strasse,  Halle,  a/S Nov.    6,  1880 

71  Brough,  Bennett  H.,  5,  Robert  Street,  Adelphi,  Loudon,  A.M.  Dec.   10,  1887 

W.C M.  Jime    8,  1889 

72  Brough,  Thomas,  New  Seaham  Colliery,  Sunderland         ...        S.  Feb.     1,  1873 

A.M.  Aug.    2,  1879 
M.  June    8,  1889 

73  Brown,  M.  "Walton,  "Westmorlands,  Gateshead-upon-Tyne        S.  Oct.     7,  1871 

(Secretary) M.  Aug.    3,  1878 

74  Brown,  Robert  M.,  Norwood  Colliery,  via  Darlington      ...  A.M.  Oct.    10,  1886 

M.  Aug.    3,  1889 

75  Brown,   Thomas,   District  Manager,   Westport  Coal  Co., 

Millerton,  Westport,  New  Zealand  ...  ...  April  13,  1889 

76  Brown,  Thos.  FoRSTER,  Guildhall  Chambers,  Cardiff        ..  Aug.    1,1861 

77  Browne,    Sir  Benjamin   C,    Westacres,    Benwell,   New- 

castle-upon-Tyne         Oct.     1,  1870 

78  Browne,  R.  J.   Barakar,  East  India  Railway,  Bengal        ...  Oct.      8,  1892 
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79  Bruce,  Johx,  Port  Mulgrave,  Hinderw-ell,  R.S.O.,  Yorkshire 


80  Bkyham,  William,  Rosebridge  Colliery,  Wigan 

81  Bryham,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan 

82  BuLMAN,  E.  H.,  Shinclift'e  Rectory,  Durham... 

83  BuLMAX,   H.   F. ,  Bj'er  Moor,  Bixrnopfield,  near  Newcastle- 

upon-Tyne 

84  BuNKELL,  Henry  B.,  P.O.  Box  962,  Johannesburg,  Transvaal 

85  BrxxiN'G,  C.   Z.,   c/o  The   Borax   Co.,    Limited,  2,   Macri 

Khan,  Constantinople 

86*BrRLS,  Herbert  T.,  Box  76,  Barberton,  Transvaal,  South 

Africa 
87  BtTRN,  James,  28,  FaAvcett  Street,  Sunderland 

88*BuRN-s,  David,  Canal  Bank,  Carlisle 

89  Burrows,  J.  S. ,  Yew  Tree  House,  Atherton,  nr.  Manchester 

90*Cam)LER,  T.  E 


91  Carxes,  Charles  Spearmax,  Hutton  Henry  Colliery,  Win- 

gate,  R.S.O.,  Co.  Durham 

92  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield... 

93  Chapman,    Alfred    Crawhall,    29,    St.   Nicholas'   Build- 

ings, Newcastle-upon-Tyne... 

94  Charletox,  a.  G., 

95  Charltox,  Wm.,  Linares,  Provincia  de  Jaen,  Spain 

96  Cheesmax,  E.  Taylor.  Shire  Moor  Colliery,  Northumberland 

97  Cheesmax,  Herbert,  Hartlepool 

98  Cheesmax,  I.  T. ,  Throckley  Colliery,  Newcastle-upon-Tyne 

99  Cheesmax,  W.  T.,  Hartlepool 

100  Chickex,  Laxcelot  W.,  Boldon  Colliery,  Co.  Durham 

101  Childe,  Hexry  S.,  Mining  Engineer,  Wakefield 

102  Clark,  C.  P.,  Garswood  Coal  and  Iron  Co.,  Ltd.,  near  Wigan 

103  Clark,  R.  B. ,•  Springwell  CoUiei-y,  Gateshead-upon-Tyue  ... 

104  Clough.  James,  Willow  Bridge,  Choppington,  Morpeth      . . . 


105  Cochraxe,  B.,  Aldin  Grange,  Durham  

106  Cochraxe,  C,  Green  Royde,  Pedmore,  near  Stourbridge    ... 

107  Cochraxe,    W.,    St.    John's   Chambers,    Grainger    Street 

West,  Newcastle-upon-Tyne  (Past-Presidext,  Member 
ofGouncil) 
]  08  CocKSOX,  Charles,  Ince  Coal  and  Cannel  Co. ,  Ince,  Wigan 

109  Cole,  Robert  Heath.  Endon,  Stoke-upon-Trent      


Date  of  Election 

and  of  Transfer. 

s. 

Feb. 

14,  1874 

A.M. 

Aug. 

7,  1880 

M. 

June 

8,  1889 

Aug. 

1,  1861 

Aug. 

3,  1865 

Feb. 

13,  1892 

S. 

May 

2,  1874 

A.M. 

Aug. 

6,  1881 

M. 

June 

8,  1889 

Api'il 

8,  1893 

S. 

Dec. 

6,  1873 

A.M. 

Aug. 

5,  1882 

M. 

Oct. 

8,  1887 

Feb. 

9,  1889 

Dec. 

13,  1890 

May 

5,  1877 

S. 

Oct. 

11,  1873 

M. 

Aug. 

4,  1877 

S. 

May 

1,  1875 

A.M. 

Aug. 

4,  1883 

M. 

•June 

8,  1889 

Aug. 

],  1891 

Mar. 

6,  1869 

Oct. 

13,  1888 

Aug. 

6,  1892 

April 

8,  1893 

A. 

Aug. 

2,  1890 

M. 

Aug. 

6.  1892 

Aug. 

6.  1S92 

Feb. 

1,  1873 

Feb. 

5,  1876 

Jime 

8,  18S9 

A.M 

Feb. 

12,  1887 

M 

Aug. 

3,  1889 

Aug. 

2,  1866 

S 

May 

3,  1873 

M 

Aug. 

4,  1877 

S 

April 

5,  1873 

A.M 

Aug. 

3,  1878 

M 

June 

8,  1889 

Dec. 

6,  1866 

June 

3,  1857 

Aug. 

1,  1861 

A.M 

April  22,  1882 

M. 

Aug. 

3,  1889 

Feb. 

5,  1876 

LIST   OF   MEMBEKS. 

110  CoLLixs,  Arthur  Launcelot,  13,  Basinghall  St. ,  London,  E.  C. 

111  CoLQUHOUN,  T.,  West  Stanley  Colliery.  Co.  Durham 

112  Cook,  J.,  Washington  Iron  Works,  Washington,  Co.  Durham 

113  CoRBETT,  V.  W.,  Chilton  Moor.  Fence  Houses  (Member  of 

Council) 

114  CoRBiTT,  M.,  Teams,  C4ateshead-upon-Tyne     ... 

115  CoRLETT,  GEORfJE  Stephex.  Wigau       

116  CouLSON,  F..  10,  Victoria  Terrace,  Durham 

117  CouLSON  W.,  1,  Pimlico,  Durham  

118  CouLTHARD.  Sn.  Dx.  Francisco,  Minas  del  Penoncillo,  Mar 

bella.  Provincia  de  Malaga,  Spain  ... 

119  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland 

120*CoxE,  E.  B.,  Drifton,  Jeddo,  P.O.  Luzerne  Co.,  Penns.,  U.S 

121  Craven,  Hiram,  Jun.,  Mechanical  Engineer,  Sunderland  .. 

122  Crighton,  John.  20,  Exchange  Buildings,  St.  Mary's  Gate, 

Manchester 

123  Crone,  E.  W.,  Forest  Hall,  near  Newcastle-upon-Tyne 

124  Crone,  F.  E 


125  Crone,  J.  R.,  Tudhoe  House,  via  Spennymoor 

126  Crone,  S.  C,  Forest  Hall,  Newcastle-uiDon-Tyne      

127  Cross,  John,  77,  King  Street,  Manchester     

128  Croudace,  C.  J.,  Bettisiield  Colliery  Co.,  Limited.,  Bagillt, 

North  Wales  ... 

129  Croudace,  Thomas,  Lambton  Lodge,  Lambton,  Newcastle, 

New  South  Wales     ... 

130  Curry,  W.  Thos.,  Ulverston,  Lancashire      
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Date  of  Electioiv 
and  of  Transfer. 

Feb.  n,  1892 

Dec.  14,  1889 

May  8,  1869 

Sept.  3,  1870 
Dec.  4,  l^lb 
Dec.  12,  1891 
Aug.  1,  1S68 
Aug.  2,  1873 
Oct.  1,  1852 

June  8,  1889 
Feb.  6,  1875 
Feb.  1,  1873 
April  12,  1890 


Oct. 
Mar. 

Aug. 
Sept. 
Aug. 
June 
Feb. 
Aug. 
June 


8,  1887 
5,  1870 
5,  1876 

2,  1876 

7,  1886 

8,  1889 
1,  1868 

3,  1854 
5,  1869 


Nov.    2,  1872 


131 
132 

133 

134 
135 
136 
137 

138 


139 
140 
141 
142 
143 
144 


Dacres,  Thomas,  20,  Princess  Street,  Bishop  Auckland 
Daglish,  John,  Rothley  Lake,  Cambo,  R.S.O.,  Northum 

berland  (Past-President,  Member  of  Council)  ... 
Dakers,  W.  R.,  The  Loggins,  Tudhoe  Colliery,  via  Spenny 

moor,  Durham 
Dale,  David,  West  Lodge,  Darlington 
Daxgar,  J.  Hubert,  Camborne,  Cornwall 
Darling,  Fenwick.  South  Durham  Colliery,  Darlington    .. 
Darlington,  James,  Black  Park  Colliery,  Ruabon,  North 

Wales  ...         ...         ...         

Davey,  George,  Ferro-carril  Michoacan  y  Pacifico,  Mara- 

vatio,    Mexico.      Trans,    to    Las    Trojis,    Anganguas, 

Michoacan,  Mexico  ... 
Davey,  Hy.,  3,  Princes  Street,  Westminster,  London,  S.W. 
Davies,  Lt.-Col.  Jasper  G.  S.,  Marten.  ]\liddlesbrough  ... 
Da  VIES.  John.  Hartley  House,  Coundon,  Bishop  Auckland... 
Davies,  J.  Hubert.  P.O.  Bex  455,  Johannesburg,  Transvaal 
Davis,  Kenneth  McRae,  Dudley  Colliery,  Northumberland 
Dees.  J.  Gibson,  Floraville,  Whitehaven 


A.M. 
M, 


Nov. 
Sept. 
Aug. 
Aug. 


6,  1862 
4,  1880 

7,  1886 
3,  1889 


May  4,  1878 

Aug.  21,  1852 

Oct.  14,  1882 

Aug.  3,  1889 

Feb.  5,  1870 
April    8,  1893 

Nov.  6,  1875 

Nov.  7,  1874 

Aug.  4,  1877 


June  10,  1893 
Oct.  11,  1873 
Aug.  3,  1889 
April  10,  1886 
April  8,  1893 
April  13,  1889 
Oct.  13,  1883 
B 
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and  of  Transfer. 

145  Dees,  R.  R.,  Newcastle-iapon-Tyne      Oct.     7,  1871 

146  Den'niston,  Robert B.,  Stuart  Street,  Dunediu,  New  Zealand  A.M.  Dec.   11,  1876 

M.  Aug.    3,  1889 

147  Dixon,  D.  W.,  Lumpsey  Mines,  Brotton.  Saltburn-by-the-Sea 
148*Dixox,  James  S.,  97,  Bath  Street,  Glasgow 

149  Dixon.  R.,  10,  Claremont  Terrace,  Newcastle-upon-Tyne  ... 

150  Dixon-Brown,  A.  D..  27,  Mosley  Street,  Newcastle-upon- 

Tyne     

151  DoDD,  B. ,  Bearpark  Colliery,  near  Durham    ... 

152  DoDD,  Cyril  H.,  St.  Helens  Colliery,  Bishop  Auckland 

153  DoDD,  M.,  Bumcroft,  Hexham 


Nov. 

2, 

1872 

Aug. 

3, 

1878 

June 

5, 

1875 

Dec. 

10, 

1892 

s. 

May 

3, 

1866 

M. 

Aug. 

1, 

1868 

Aug. 

6, 

1892 

S. 

Dec. 

4, 

1875 

A.M. 

Aug. 

7, 

1880 

M. 

June 

8, 

1889 

S. 

Sept. 

2, 

1876 

A.M 

Aug. 

1, 

1885 

M 

June 

8, 

1889 

Mar. 

6, 

1869 

154*DoNKiN,  W.,  17,  Havelock  Place,  Shelton,  Stoke-on-Trent 


155  Douglas,  C.  P.,  Parliament  Street,  Consett,  Co.  Durham 

156  Douglas,  John,  Seghill  Colliery,  Dudley,  Northumberland  A.M.  April 22,  1882 

M.  Aug.    3,  1889 

157  Douglas,  M.  H.,  Usworth  Colliery,  Washington,  R.S.O.,  A.M.  Aug.    2,  1879 

Co.  Durham M.Aug.    3,1889 

158  Douglas,    T.,    The    Garth,    Darlington    (Vice-President, 

Member  of  Council ) Aug.  21,  1852 

159  Dowdeswell,  H.,  Butterknowle  Colliery,  i'?a  Darlington    ...        S.  April  5,  1873 

M.  Aug.    7,  1875 

160  Doyle,  Patrick,  Indian  Engineering,  19,  Lall  Bazar,  Cal-  A.M.  Mar.     1,  1879 

cutta,  India M.Aug.    3,1889 

161  Eastlake,  Arthur  W.,Balham.  London        June  11.1892 

162  Eden,  C.  H.,  c/o  Messrs.  Vivian  and  Sons,  Swansea  ...  June  14,  1890 

163  Edge,  J.  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal,  A.M.  Sept.    7,  1878 

Salop M.  Aug.    3,  1889 

164  Elliot,  Sir  George,  Bart.,  D.C.L.,  1,  Park  Street,  Park 

Lane,  London.  W.  (Vxs.t-V'r.y.s.idy.st,  Member  of  Council) 

165  Ellis,  W.  R.,  Wigan       

166  Elsdon,  Robert,  The  Highlands,  Burnt  Ash  Hill.  Lee,  Kent 

167  Elwen,  Thomas  Lee,  Littleburn  Colliery,  near  Durham     ... 

168  Embleton,  T.  W.,  The  Cedars,  Methley,  Leeds        

169  Embleton,  T.  W.,  Jun.,  The  Cedars,  Methley,  Leeds 

170  Eminson,  J.  B  ,  Londonderry  Offices.  Seaham  Harbour 

171  EvER.iRD,  J.  B.,  6,  Millstone  Lane,  Leicester 

172  Fairley,  James,  Craghead  and  Holmside  Coll.,  Chester-le-  A.M.  Aug 

Street   

173  Faragher,    Louis,    Cape    Copper    Co.,    Limited,    Ookiep, 

Namaqualand,  South  Africa 

174  Farmer,  A.,  Seaton  Carew,  near  West  Hartlepool     .. 

175  Faulder,  Joseph,  Bolton  Colliery,  Mealsgate,  via  Carlisle... 
176*Fenwick,   Barnabas,  84,  Osborne  Road,  Newcastle-upon- 
Tyne     


Aug. 

21, 

1852 

June 

1, 

1878 

Nov. 

7, 

1876 

Oct. 

13, 

1888 

Sept. 

6, 

1855 

s 

Sept. 

2, 

1865 

M 

Aug. 

1, 

1868 

Mar. 

2, 

1872 

Mar. 

6, 

1869 

IM 

Aug. 

7, 

1880 

M 

Aug. 

3, 

1889 

April 

8 

1893 

Mar. 

2, 

1872 

Aug. 

6, 

1892 

Aug. 

2, 

1866 
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Date  of  Election 
and  of  Transfer. 

177  Ferens,  Frederick  J.,  Silksworth  Colliery,  Sunderland    ...        S.Dec.  4,1880 

A.M.  Aug.  4,  1888 

M.  Aug.  3,  1889 

178  Ferguson,   D.,  Persian  Bank  Mining   Rights   Corporation  A.M.  Dec.  8,  1883 

Limited.,  6,  Drapers' Gardens,  London,  E.C M.Aug.  3,1889 

179  Fisher,  Ed.   R.,  Nant  Glas,  Cross  Hands,  near  Llanelly,  A.M.  Aug.  2,  1884 

South  Wales M.Aug.  3,1889 

180  FiSHWiCK,  R.,  Binchcster  Colliery,  Co.  Durham        Aug.  6,1892 

181  Fleming,  C.  E.,  Black,  Hawthorn,  &  Co. ,  Gateshead-upon- 

Tyne Aprill3,  1889 

182  Fletcher,    H,,    Ladyshore  Colliery,  Little  Lever,   Boltnn, 

Lancashire      Aug.  3,  1865 

183  Fletcher,  John,  Gill  House,  Ulverstone        S.July  2,1872 

M.  Aug.  4,  1877 

184  Fletcher,  Lancelot,  Brighani  Hall,  Carlisle            A.M.  April  14,  1888 

M.  June  8,  1889 

185  Foggin,   W.,  North  Biddick  Colliery,  Washington  Station, 

Co.  Durham Mar.  6,  1875 

186  Forrest.  J.  C  ,  Holly  Bank  Coll.,  Essington,  Wolverhampton  April  12,  1884 

187  FoRSTER,    G.    B.,   3.   Eldon    Square,   Newcastle-upon-Tyne 

(Past-President,  il/e??i&er  o/Co2t?id^)      ...         ...                        Feb.  5,1857 

188  Forster,  J.  R  ,  Water  Company's  Office,  Newcastle-upon- 

Tyne     July  2,  1872 

189  Forster,  J.    T  ,   Burnhope  Colliery,  near  Lanchester,  Co.        S.  Aug.  1,  1868 

Durham           M.  Aug.  5,  1876 

190  Forster,  Thomas  E.,  3, Eldon  Square,  Newcastle-upon-Tyne        S.  Oct.  7,  1876 

(Member  of  Council )            A.M.Aug.  1,1885 

M.  June  8,  1889 

191  Foster.  George,  Osmondthorpe  Colliery,  near  Leeds         ...             Mar.  7,1874 

192  Fryar,  Mark,  Denby  Colliery,  Derby             S.Oct.  7,1876 

A.M.  Aug.  4,  1883 

M.  June  8,  1889 


193  Galloway,  T.  Lindsay,  Argyll  Colliery,  Campbeltown,  N.B.  Sept.    2,  1876 

194  Galloway.  Wm  ,  Car.  I  iff  April  23,  1887 

195  Gallwey,  Arthur  P.,  P.O.  Box  138,  Johannesburg,  Z.  A  R.        S.  Oct.     2,  1880 

M.  Oct.    10,  1891 

196  Geddes,  George  H.,  142,  Princes  Street,  Edinburgh  ...  Oct.      1,  1881 

197  Gerrard,  James,  11,  Meek  Buildings,  Wigan  S.  Mar.     1,1873 

A.M.  Aug.    2,  1879 
M.  June    8,  1889 

198  Gerrard,  John,  Worsley,  Manchester  S.  Mar.    5   1870 

M.  Aug.    ],  1874 

199  Gilchrist,  J.  R.,  Garesfield  Colliery,  Lintz  Green,  New-        S.  Feb.     3,  1877 

castle-upon-Tyne        A.M.  Aug.     1,  1885 

M.  June    8,  1889 

200  GiLLETT,  Leonard  F.,  163,  Osmaston  Road,  Derby  ...  June  14,  1890 

201  GiLROY,  G.,  Orrel,  Wigan  Aug.    7,1856 

202  GiLROY,  S   B.,  3,  Abercrombie  Street,  Chesterfield Sept,    5,  1868 

203  Gjers,  John,  Southfield  Villas,  Middlesbrough        June    7.1873 
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204  GoOLDEN,  Walter  T.  ,  28,  Westboume  Park,  Loudon,  W.  . 

205  Greaves,  J.  0.,  St.  John's,  Wakefield  

206  Greex,  J.  T.,  Ty  Celyn,  Abercarne,  Newport,  Mon. 

207  Greener,  Henry,  South  Pontop  Colliery,  Annfield  Plam. 

208  Greener,  T.  Y.,  West  Lodge,  Crook,  Darlington    ... 


Date  of  Election 
and  of  Transfer. 


209  Greenwell,  G.  C,  Jun  ,  Poynton,  near  Stockport ... 

210  Greslet,  W.  S..  Reed  House,  Erie,  Pa.,  U.S.A.      ... 

211  Grey,  C.  G.,  20,  Northbrook  Road,  Leeson  Park,  Dublin 
•212  Griffith,  N.  R  ,  Plasuew-ydd,  Ruabon,  North  Wales 

213  Grimshaw,  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lan- 

cashire 

214  GrTHRiE,  James  K,  Eltringham  Colliery,  Prudhoe,  R.S.O. 

215  Haddock,  W.   T.,  Jun,  The  Durban  Roodeport  Gold  Min- 

ing Co.,  Ltd.,  Roodeport,  near  Johannesburg,  Z.A.R. ...  A. 

216  Haggie.  D.  H.  ,  Weamiouth  Patent  Rope  Works,  Sunderland 

217  Haggie.  Peter  Sinclair,  Gateshead-upou-Tyne      A. 

218*HAGrE,  Ernest.  Castle  Dyke,  SheflBeld  

219  Halder,  Albert  H.,  Pietersburg.  Transvaal 

220  Hall,  M.,  Lofthouse  Station  Collieries,  near  Wakefield      ... 

221  H.all,  M.  S.,  8.  Victoria  Street.  Bishop  Auckland 

222  Hall,  Tom,  Ryhope  Colliery,  via  Sunderland  

223  Hall.  William  F..  Haswell  Colliery.  Haswell.  via  Sunder- 

land (^Vice-President,  Jfemfter  o/ Co«?(ci7^        

224  Hallas.  G.  H.  .  Wigan  and  Whiston  Coal  Co. .  Limited,  Prescot 

A, 

225  Hallimond,  Wm.   Tasker,  Randt  Coal  Mining  and  Land 

Company,    Ld.,    P.O.,  Vaal    Kranz,    via    Standerton, 
Transvaal,  Z.A.R 

226  Halse,   Edward.  15.  Clarendon  Road,  Notting  Hill.  Lon-  A 

don,  W 

227  Hamilton,  E.,  Rig  Wood,  Saltburn-by-the-Sea        

A, 

228  Han*n.  Edmund.  Aberaman.  Aberdare 

229  Hare,  Samuel,  Bedlington  Collieries.  Bedlington,  R.S.O... . 

230  Hargrea^t:s,  William.  Rothwell  Haigh.  Leeds       

231  Harle,  Peter,  Page  Bank  Colliery.  Co.  Durham      

232  Harle.  Richard,  Browney  Colliery.  Durham  

233  Harle.  Willl^m,  Page  Bank  Colliery,  near  Durham 

234  Harris,  W.  S.  ,  Kibblesworth.  Gateshead-upon-Tyne 


Aug. 

Aug. 

Dec. 

A.M.  Dec. 

M   Aug. 

S.  July 

A.M.  Aug. 

M.  June 

S.  Mar. 

M.  Aug. 

A.M.  Oct. 

M.  Aug. 

May 

Aug. 


6,  1892 

7,  1862 
3,  1870 
9.  1882 
3,  1889 
2,  1872 

2,  1879 

8,  1889 
6,  1869 

3,  1872 
5,  1878 
3>  1889 

4,  1872 
1,  1867 


Sept.  5,  1868 
Aug.  3,  1889 


Oct. 

Aug. 

June 

Mar. 

April 

Aug. 

Aug. 

April 

Sept. 

Feb. 

June 


7,  1876 
1,  1885 

8,  1889 

4,  1876 
14,  1883 

3,  1889 
3,  1878 
8.  1893 

5,  1868 
14,  1874 

8,  1889 


May  13,  1858 

Oct.  7,  1876 

Aug.  4,  1883 

June  8,  1889 


Dec.  14, 
June  13, 
Aug.  3, 
Nov.  1, 
Aug.  2, 
June  8, 
Sept.  5, 
Aug  3, 
Aug.  2, 
Aug.  1, 
Sept.  5, 
Oct.  8. 
April  7, 
Oct.  7, 
Feb.  14, 
Aug.  7, 
June  8, 


1889 
1885 
1889 
1873 
1879 
1889 
1868 
1872 
1879 
1891 
1868 
1892 
1877 
1876 
1874 
1880 
1889 
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235  Harrison,  G.  B.,  West  Hunwick  Colliery,  Hunwick,  R.S.O., 

Co.  Durham     ... 

236  Harrison,  W.  B  ,  Brownhills  Collieries,  near  Walsall 

2.37  Hat,  J. .  Jun. .  Widdrington  Colliery.  Acklington     

238  Hay,  Wm.  ,  Jim  ,  Wood  View  House,  Stanton.  Burton-iipon- 

Trent    

239  Head,  Jeremiah.  Queen's  Square.  Middlesbro' 

240  Hedley.  J.    L..    22,    Hawthorn   Terrace,   Mewcastle-upon- 

Tyne  (Yice-'Pkt.sibf.st,  Membe7-  of  Council)     

241  Hedley,  Sept.  H. .  Bank  Chambers.  Wakefield         


242  Hedley,  W.  H.,  Consett  Collieries,  Medomsley,  Newcastle- 

upon-Tyne  (Member  of  Council)    ... 

243  Henderson,  H.,  Pelton  Colliery,  Chester-le-Street 

244  Henderson,  Jos.   J.,  U.S.  Engineer's  Office.  Kingsbridge, 

New  York,  U.S.A 

245  Henshaw,  A.  MAYON.Talk-o'-th'-Hill  Coll  ,Stoke-upon-Trent 

246  Heppell.    T.,    Leafield    House,    Birtley.    Chester-le-Street 

(Member  of  Council)... 

247  Heslop,  C.  Upleatham   and  Lingdale  Mines,  Upleatham, 

R.S.O.,  Yorkshire     

248  Heslop,  Grainger,  Deptford  Hall,  Sunderland         

249  Heslop,    Thomas,    Storey    Lodge   Colliery,    Cockfield,  via 

Darlington 

250*Hewitt,  G.  C.  Coal  Pit  Heath  Colliery,  near  Bristol 

251  Hewlett,  A.,  Haseley  Manor,  Warwick 

252  HiGSON,  Jacob,  18,  Booth  Street.  Manchester 

253  Hill,  William,  Carterthorne  Coll.  Offices,  Witton-le-Wear  A.M.  June 

254* Hilton,  J.,  67,  Ha wkshead  Street,  Southport  

255  Hilton,  T.  W..  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan 

256  Hodgson,  John,  Edmondsley  Colliery.  Chester-le-Street    ... 

257  HoLLiDAY,  Martin  F.  ,  Langley  Grove,  Durham 

258  HoLLis,  Henry  Wm.,  Whitworth  House.  Spennymoor 

259  Holmes.  C.  Grange  Hill,  near  Bishop  Auckland 

260  Homer,  Charles  J..  Stoke-on-Tient 

261  Hood,  A. ,  6,  Bute  Crescent,  Cardiff      

262  Hopkins,  Edward,  13,  Harrington  Gardens,  London,  S.W. 

263  HosKOLD.  H.  D.,  Inspector  General  of  Mines  of  the  Argentine 

Republic,  and  Director  of  the  National  Department  of 
Mines  and  Geology,  Casilla  Correos,  900.  Buenos  Ayres 

264  HouLGATE.  J.  Kerr,  69,  Lowther  Street.  Whitehaven 

265  Hurst,  George,  58,  Eldon  Street,  Newcastle-upon-Tyne    ... 

266  Jackson,  W.  G.,  Hicklam  House,  Aberford,  near  Leeds      ... 

267  Jarratt.  J..  Houghton  Main  Colliery,  near  Barnsley 

268  Jeffcock,  T.  W.,  18,  Bank  Street,  Sheffield 


Date  of  Election 

and  of  Transfer. 

Aug. 

6,  1892 

April 

6,  1867 

S.  Sept. 

4,  1869 

M.  Aug. 

4,  1874 

S.  Dec. 

8,  1883 

M.  Aug. 

1,  1891 

Aug. 

3,  1889 

S.  Feb. 

5,  1870 

M.  Aug. 

2,  1873 

S.  Feb. 

15,  1879 

A.M.  Aug. 

1,  1885 

M.  Aug. 

3,  1889 

Aug. 

3,  1865 

Feb. 

14,  1874 

June  13,  1891 

June 

8,  1889 

Aug. 

6,  1863 

S.  Feb. 

1,  1868 

M.  Aug. 

2,  1873 

Oct. 

5,  1872 

S.  Oct. 

2,  1880 

A.M.  Aug. 

4,  1888 

M.  Aug. 

3,  1889 

June 

3,  1871 

Mar. 

7,  1861 

Aug. 

7,  1862 

A.M.  June 

9,  1883 

M.  Aug. 

3,  1889 

S.  Dec. 

7,  1867 

M.  Aug. 

6,  1870 

Aug. 

3,  1865 

Oct. 

8,  1889 

May 

1,  1875 

June 

8,  1889 

April 

11,  1874 

Aug. 

3,  1865 

May 

2,  1861 

Oct. 

8,  1889 

April 

1,  1871 

April 

8,  1893 

S.  April  14,  1883 

M.  Aug. 

1,  1891 

June 

7,  1873 

Nov. 

2,  1867 

Sept. 

4,  1869 
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269  Jenkins,  W.,  Ocean  Collieries,  Treorky.  Glamorganshire 

270  Jenkins,  Wm,,  Consett  Iron  Works,  Consett,  Durham 

271  Jepson,  H.,  20,  The  Avenue,  Durham  


272*JoBL,iNG,  Thos.  E.,  Croft  Villa,  Blyth,  Northumberland    ... 


273  Johnson,  J.,  Carlton  Main  Colliery,  Barnsley 

274  Johnson,  W.,  Abram  Colliery,  ^Yigan 


275  Johnson,  Wm.,  Radeliffe  Colliery,  Acklington,  Northum- 

berland 

276  JoiCEY,  J.  G. ,  Forth  Banks  West  Factory,  Newcastle-iipon- 

Tyne      

277  JoiCEY,  W.  J.,  Sunningdale  Park,  Berkshire 

278  Jones,  Jacob  Carlos.  Bellambi.  New  South  Wales 

279  Jones.  John  Arthur,  Gijon.  Asturias,  Spain... 

280  Kayll,  a.  C,  Gosforth,  Newcastle-upon-Tyne  


Date  of  Election 
and  of  Transfer. 

Dec.     6,  1862 

s. 

A.M. 

May 
July 

Aug. 

2,  1874 
2,  1872 
2,  1879 

M. 

June 

8,  1889 

S 

Oct. 

7,  1876 

A.M. 
M. 

Aug. 
June 

4,  1883 
8,  1889 

Mar. 

7,  1874 

S. 

Feb. 

14,  1874 

A.M 

M. 

Aug. 
June 

2,  1879 
8,  1889 

Dec.  9,  1882 

April  10,  1869 
Mar.  6,  1869 
Aug.  6,  1892 
April  8,  1893 


S. 
M. 


281  Kellett,  William,  Portland  Bank,  Southport        

282  Kend.ill,  John  D.,  Foxhouses  Road,  Whitehaven 

283  KiRKBY,  J.  W.,  Kirkland,  Leven,  Fife  

284  KiRKUP,  J.  P.,  Pelton  House,  Chester-le-Street        

285  KiRKUP,  Philip,  Cornsay  Colliery  OflSce,  Esh,  near  Durham        S 

A.M 
M. 

286  KiRTON,  Hugh,  Kimblesworth  Colliery,  Chester-le-Street ...        S. 

A.M. 
M. 

287  Knowles,  John,  Westwood,  Pendlebu^J^  Manchester 
288*Knowles,  Robert,  Ednaston  Lodge,  near  Derby     .. 

289  Lamb,  R.,  Troughton  House,  Cleator  Moor,  via  Camforth  .. 

290  Lamb,  R.  0.,  West  Denton,  Newcastle-upon-Tyne  .. 

291  Lamb,  Richd.  W.,  29,  Great  Cumberland  Place,  London,  W. 

292  Lancaster,  John,  Anfield  House,  Leamington 

293  L.iNCASTER,  John,  Auchinheath,  Southfield  and  Fence  Col- 

lieries, Lesmahagow  ... 

294  Landale,  a.,  Comely  Park  Place,  Dunfermliue        

295*L.\P0RTE,  H  ,  57,  rue  de  la  Concorde,  Brussels 

296  Laverick.    John  Wales,   Tow   Law  Colliery  Office.  Tow  A.M. 

Law,  R.S.O.,  Co.  Durham  ...       M. 

297  Laverick,  Robt.,  West  Rainton,  Fence  Houses       

298  Lawrence,  H.,  Grange  Iron  Works,  Durham  (Member  of 

Council) 

299  LAViTiENCE.  H.  L..  Mines  de  Pierrefitte.  Pierrefitte  Nestalas, 

Hautes  Pj^renees.  France 

300  Laws,  W.  G.,  Town  Hall,  Newcastle-upon-Tyne      


Oct.  7 

Aug.  3 

June  1 

Oct.  3 

Feb.  1 
April  11 

Mar.  2 

Aug.  7 

Aug.  3 

April  7 

Aug.  ] 

June  8 

Dec.  5 

April  10; 


Sept. 
Aug. 
Nov. 
Mar. 

Sept. 

Dec 

May 

Dec. 

Aug 

Sept 


1876 
1889 
1878 
1874 
1873 
1891 
1878 
1886 
1889 
1877 
1885 
1889 
1856 
1886 

1865 
1866 
1872 
1865 

1878 
1858 
1877 
1882 
1S89 
1876 


Aug.  1,  1868 


April 

Oct. 


8,  1893 
2,  1880 
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Date  of  Election 
and  of  Transfer. 

301  Leach,  C.  C,  Seghill  Colliery,  Northumberland  fil/emfeer- 0/       S.  Mar.    7,  1874 

Council)  A.M.  Aug.    6,  1881 

M.  Aug.    4,  1883 

302  Lebouk,  (4. A.,  Durham  College  of  Science,  Newcastle-upon- 

Tyne     Feb.     1,  1873 

303  Lee,  John  F.,  Sheepbridge,  Chesterfield         A.M.  June  13,  1885 

M.  Aug.    3,  1889 

304  Lewis,  Sir  William  Thomas,  Mardy,  Aberdare      ..  ...  Sept.    3,1864 
30.5  LiDDELL,  J.  M.,  3,  Victoria  Villas,  Newcastle-upon-Tyne  ...        S.  Mar.    6,  1875 

A.M.  Aug.  6,  1881 

M.  June  8,  1889 

306  LiNDAY,  James,  Bishop  Auckland         Aug.  6,1892 

307  LiNSLEY,  R.,  Cramlington  Colliery,  Northumberland  ...  July  2,1872 

308  LiNSLEY,  S.  W.,  Whitburn  Colliery,  South  Shields Sept.  4,  1869 

309  LiSHMAN,  R.  R.,  Durham  Main  Colliery,  Durham     S.  June  9,  1883 

M.  Aug.    1,  1891 

310  LiSHMAN,   T.,    Hetton    Colliery,    Hetton-le-Hole,    R.S.O.        S.  Nov.    5,  1870 

(Member  of  Coxmcil)            M.Aug.  3,1872 

311  LiSHMAN,  Wm.,  Holly  House,  Witton-le- Wear          April  1,  1858 

312  LiSHMAN,  Wm.  ,  Bunker  Hill,  Fence  Houses Mar.  7,1861 

313  Lisle,  J.,  The  Ottos  Kopje  Diamond  Mines,  Limited,  Ottos  S.  July  2,  1872 

Kopje  Chambers,  Kimberley,  Soiith  Africa         A.M.  Aug.    3,  1878 

M.  June    8,  1889 

314  LivEiNG,  E.  H.,  52,  Queen  Anne  Street,  Cavendish  Square,        S.  Sept.    1,  1877 

London,  W A.M.  Aug.  2,  1884 

M.  Aug.  3,  1889 

315  LiVESEY,  C,  Bradford  Colliery,  near  Manchester     Aug.  3,1865 

316  LiVESEY,  T.,  Bradford  Colliery,  near  Manchester     S.  Nov.  7,  1874 

M.  Aug.    7,  1875 

317  Llewellin,   David  Morgan,  Glanwern  Offices,  Pontypool  May  14,  1881 

318  Logan,  William,  Laiigley  Park  Colliery,  Durham Oct.     5,  1867 

319  Longbotham,     Jonathan,     Barrow    Collieries,    Barnsley,        S.  May    2,  1868 

Yorkshire        M.  Aug.    2,  1873 

320  Longridge,  Jethro,  Coxlodge    Colliery,   Newcastle-upon- 

Tyne     

321  Louis,  D.  A.,  77,  Shirland  Gardens,  London,  W April    8,  1893 

322  LowDON,  Thos.,  Hamsteels,  near  Durliam       Dec.   14,1889 

323  LupiON,  A.,  6,  De  Grey  Road,  Leeds Nov.    6,  1869 


324  MaoArthur,  John  S.,  12,  Knowe  Terrace,  PoUokshields, 

Glasgow  April  8,  1893 

325  MacCabe,  H.   0.,   Russell  Vale,  Wollongoug,  New  South        S.  Sept.  7,  1878 

Wales A.M.  Aug.  7,  1880 

M.  Aug.  3,  1889 

326  Maddison,  Thos.  R.,  Dirtcar  House,  near  Wakefield         ...        S.  Mar.  3,  1877 

A.M.  Aug.  6,  1881 

M.  June  8,  1889 

327  Maddison,  W.  H.  F.,  The  Lindens,  Darlington       June  14,  1890 

328  Maling,  C.  T.,  Ellison  Place,  Newcastle-upon-Tyne          ...            Oct.  5,  1872 

329  Mammatt,  J.  E.,  St.  Andrew's  Chambers,  Leeds      Aug.  3,  1865 


Dec.   14,  1889 
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330  jSLiKKHAM,  G.  E. ,  Coundon,  Bishop  Auckland 


331  Marlet,  J.  W.,  Thornfield,  Darlington  

332  Marten',  E.  B.,  Pedmore,  near  Stourbridge 

333  ^LjlRTLN',  C.  W.,  Murton  Colliery,  via  Sunderland     .. 
33-4  il^ETix,  T.  P. ,  Allhallows  Colliery,  ]Mealsgate,  Carlisle 

335  iLA.THiESOX,  Alexander,  Hetton  Colliery.  Carrington,  near 

Newcastle,  New  South  Wales 

336  Matthews,  J.,  Messrs.  R.  and  W.  Hawthorn,  Newcastle 

upon-Tyne 

337  Matthews,  R.  F.,  Harehope  Hall,  Alnwick 

338  MArGHA>',  J.  A.,  Government  Central  Provinces'  Collieries 

Umaria,  ina  Katni,  C.P.,  India 

339  Mawsox,  R.  Brtham,  Brick  House.  \Yestleigh.  near  Man 

Chester  ... 

340  May,  G.,  Harton  Colliery  Ofl&ces,  near  South  Shields  (Vice 

President;  Member  of  Council)   ... 

341  McCarthy,  E.  T.,  Eloiyang,  Gleneldon  Road,  Streatham 

S.W.,  near  London  ... 

342  McCreath,  J. ,  203,  St.  Vincent  Street,  Glasgow      

343  McCulloch,  David,  Beech  Grove,  Kilmarnock,  N.B. 

344  McLarex,  B.,  Heddon  Coal  and  Fire  Brick  Co.,  Wylam 

upon-Tyne 

345  McMurtrie,  George  Edwix  Jajmes,  Foxes  Bridge  Colliery, 

Cinderford,  Gloucestershire 

346  McMurtrie,  J.,  Radstock  Colliery,  Bath      

347  Merfvale,  Prof.  J.  H. ,  2,  Victoria  Villas,  Newcastle-upon 

Tyne 

348*Merivale,  \V.,  The  Deanery,  Ely        

349  Meysey-Thompson,  A.  H.,  Sun  Foundry,  Leeds 

350  Middletox,  Robert,  Sheep  Scar  Foundry,  Leeds    ... 
351*MiLi,ER,  N.,  31,  Hj'de  Lane,  Hyde,  near  Manchester 

352  Mitchell,  Chas.,  Jesmond,  Newcastle-upon-Tyne  ... 

353  Mitchell.  Clayton  E.  J.,  West  Highlands,  \Ainchester 

354  Mitchet.t.,  Joseph,  iliuiug  Offices,  Eldon  Street,  Bamsley 

355  Mitchixsox,    R.,    Pontop   Colliery,   Lintz   Green    Station, 

Co.  Durham    ... 

356  Mittox,  a.  Dury,  Oakwood,  near  Cockfield,  Co.  Durham  ... 

357  MoxKHOUSE,  Jos.,  GUcrux,  Cockermouth 

358  Moor,  Wii. ,  Ocean  House,  Hartlepool  

359  MooRE,  R.  T.,  156;  St.  Vincent  Street,  Glasgow 

360  Moore,  R.  W.,  Somerset  House,  Whitehaven 

361  Moore,  William,  Loftus  Mines,  Loftus-in-Cleveland,  R.S.O. 


S. 

A.M. 

M. 

S. 

M. 


Dec. 

Aug. 


4,  1875 
7,  1880 
June  8,  1889 
Aug.  1,  1868 
2,  1873 
2,  1872 
6,  1892 


Aug. 
July 
Aug. 


A.M. 
M. 

S. 
M. 


A.M. 
M. 


S. 

A.M. 

M. 

S. 

M. 


A.M. 

M. 
A.M. 

M. 

A.M. 
M. 


Feb.   15,  1879 

Nov.  5,  1892 
April  11,  1885 
Aug.    3,  1889 

5,  1857 
7,  1863 

6,  1870 


Mar. 

Nov. 
Aug. 


June  11.  1892 


Mar. 

Oct. 

Aug. 

Mar 

Dec. 

Dec. 

Aug. 

Aug. 

Aug. 

Dec. 

Nov. 


May  5 
Mar.  5 
Aug.  3 
April  3 
Aug.  3 
Aug.  1 
Oct.  5 
Aug.  3 
April  11 
Nov.  5 
Feb.   14 


S. 
M 

S. 

M. 

A.M. 

M, 


Feb. 

Aug. 

June 

July 

Aug. 

Oct. 

Nov. 

Aug. 

Nov. 

Aug. 


1862 
1887 
1889 
1870 
1875 
1883 
1888 
1889 
1884 
1891 
1863 

1877 
1881 
1889 
1889 
1889 
1891 
1878 
1889 
1874 
1892 
1874 

1865 
1892 
1863 
1872 
1877 
1892 
1870 
1877 
1881 
1889 
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362  MoREiNG,  C.  A.,   Broad  Street  House,   Old  Broad  Street,        S.  Nov.  7,  1874 

London,  E.G.              A.M.  Aug.  6,  1881 

M.  Aug.  3,  1889 

363  MoRisoN,  John,  Newbattle  Collieries,  Dalkeith,  N.B.        ...  A.M.  Dec.  4,  1880 

M.  Aug.  3,  1889 

364  Morris,  Wm.,  Waldridge  Colliery.  Chester-le-Street           ...            Oct.  8,1892 
36o*MoRTOxN-,   H.   J.,   2,   Westbourne  Villas,  South  Cliff,  Scar- 
borough                        Dec.  5,  1856 

366  Mountain,  William  C,  Forth  Banks,  Newcastle-upon-Tyne  April   9,  1892 

367  MuLHOLLAND,  M.  L. ,  West  Cornforth,  R.S.O.,  Co.  Durham  A.M.  Dec.  11,  1886 

M.  Aug.  3,  1889 

368  MuNDLE,    Arthur,    St.    Nicholas'    Chambers,    Newcastle-        S.  June  5,  1875 

upon-Tyne       M.  Aug.  4,  1877 

369  MuRTON,  Chas.  J.,  Delaval  Ben  well  Colliery,  Newcastle-        S.  Mar.  6,  1880 

upon-Tyne       A.M.  Aug.  3,  1887 

M.  Aug.  3,  1889 

370*Nasse,    Rudolph,    Geheimerbergrat,    Dornsbergstrasse,   6, 
Berlin,  W.,  Germany 

371  Nevin,  John,  Littlemoor,  Mirfield,  Normanton        

372  Newton,  James,  Whitehaven  Colliery,  Whitehaven 

373  Nichol,  Wm.,  De  Beers  Mine,  Kimberley,  South  Africa    ... 

374  Nicholson,  J.  H.,  Seaton  Delaval  Colliery,  Newcastle-upon- 

Tyne     

375  Nicholson,  Marsh.all,  Middleton  Hall,  Leeds        

376  North,  F.  W.,  Rowley  Hall  Coll.,  Dudley,  Staffordshire  ... 

377  Gates,  Robert  J.  W.,  Rajdoha  Mining  Company,  Limited,        S.  Feb.  10,  1883 

via  Kandra,    P.O.,   Bengal   Nagpur   Railway,    Bengal,  A.M.  Aug.  1,  1891 

India M.  Dec.  12,  1891 

378  Ogilvie,    a.    Graeme,    8,    Grove    End   Road,   St.   John's 

Wood,  London           Mar.  3,1877 

.379  Oldham,  George,  25,  Western  Hill,  Durham Nov.  5,1892 

380  Ornsby,   R.   E.,  Seaton  Delaval  Colliery,  Newcastle-upon-        S.  Mar.  6,  1875 

Tyne A.M.  Aug.  4,  1883 

M.  June  8,  1889 

381  Palmer,  Sir  Chas   Mark,  Bart.,  M.P.,  Quay,  Newcastle- 

upon-Tyne      Nov.  5,  1852 

382  Palmer,  A.  S.,  Highfield  House,  Gateshead July  2,  1872 

383  Palmer,    Henry,    East   Howie   Colliery,    near    Ferryhill        S.  Nov.  2,  1878 

(Member  of  Council)            A.M.Aug.  4,1883 

M.  Aug.  3,  1889 

384  Pamely,  C,  21,  Morgan  Street,  Pontypridd,  South  Wales        S.  Sept.  5,  1868 

M.  Aug.  5,  1877 

385  Panton,  F.  S.,  Silksworth  Colliery,  Sunderland       S.  Oct.  5,  1867 

M.  Aug,  4,  1874 

386  Parrington,    M.    W.,    Wearmouth   Colliery,    Sunderland        S.  Dec.  1,  1864 

(Member  of  Council)            M.Aug.  6,1870 


Sept. 

4,  1869 

S.  May 

2,  1868 

M.  Aug. 

5,  1871 

Nov. 

5, 1892 

..M.  Oct. 

9,  1886 

M.  Aug. 

3,  1889 

S.  Oct. 

1,  1881 

A.  Aug. 

3,  1889 

M.  April 

8,  1893 

Nov. 

7,  1863 

Oct. 

6,  1864 
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387  Parsons,  Hon.  Charles  Algerxon,  Elvaston  Hall,  Ryton-  A.M.  June  12,  1886 

upon-Tyue        M.  Aug.  3,  1889 

388tPEACE,  M.  W.,  Wigau,  Lancashire       July  2,  1872 

389'Peake,  R.  C,  Cumberland  House,  Redbourn,  Herts.         ...        S.  Feb.  7,  1880 

A.M.  Aug.  7,  1886 

M.  Aug.  3,  1889 

390  Pease,    Sir  J.  W.,  Bart.,  M.P.,  Hutton  Hall,  Guisbrough, 

Yorkshire        Mar.  5,  1857 

391  Peel,  Robert,  New  Brancepeth  Colliery,  Durham Aug.  6,  1892 

392  Peile,  WiLLLiM,  Croft  Hill,  Moresby,  Whitehaven            ...        S.  Oct.  1,  1863 

M.  Aug.  6,  1870 

393  Pickup,  P.  \Y.,  71,  Preston  Xew  Road,  Blackburn             ...             Feb.  6,  1875 

394  Plummer,  Johx,  H.M.  Inspector  of  Mines,  Bishop  Auckland             June  8,  1889 

395  Potter,  Addisox,  C.B.  ,  Heaton  Hall,  Xewcastle-upon-Tyne             Mar.  6,  1869 

396  Potter,  A.  M  ,  Riding  Mill-upou-Tyne  (Member  of  Council)        S.  Feb.  3,  1872 

M.  Aug.  5,  1876 

397  Potter,  C.  J.,  Heaton  Hall,  Xewcastle-upon -Tyne Oct.  3,  1874 

398  Potts,  Jos  ,  Jun.,  North  Cliff,  Roker,  Sunderland Dec.  6,  1879 

399  Prest,  J.  J  ,  Shelton  Iron,  Steel,  and  Coal  Co.,  Limited,        S.  May  1,  1875 

Stoke-on-Trent           A.M.  Aug  4,  1883 

M.  June  8,  1889 

400  Price,  J.,  6,  Osborne  Villas,  Jesmond,  Newcastle-upon-Tyne             Mar.  3,1877 

401  Price,  S.  R.,  c/o  Messrs.  Forster  Brown  and  Rees,  Guild-        S.  Nov.  3,  1877 

hall  Chambers,  Cardiff        A.M.Aug.  1,1885 

M.  Aug.  3,  1889 

402  Pringle,  Edward,  Choppington  Colliery,  Northumberland            Aug.  4,  1877 

403  Prixgle.  Thomas,  Tanfield  Lea  Colliery,  Liutz  Green         ...             Aug.  6.  1892 
404*Prior,  Edward  G.,  Victoria,  British  Columbia       ...          ..             Feb.  7,  1880 

405  Proctor,  C.  P.,  Lightcliffe,  near  Halifax,  Yorkshire          ...        S.  Oct.  7,  1876 

A.M.  Aug.  1,  1885 

M.  June  8,  1889 

406  Ramsay,  J.  A.,  Sherburn  and  Littletown  Collieries,  near 

Durham           Mar.  6,  1869 

407  Ramsay,  Wm.,  Tursdale,  Co.  Durham            Sept.  11,  1875 

M.  June  8,  1889 

408  Redmayne,  Richard  AucrsTiXE  Studdert,  26,  Grey  Street,        S.  Dec.  13,  1884 

Newcastle-upon-Tyne           M.  Dec.  12,  1891 

409  Reid,  Axdrew,  Newcastle-upon-Tyne  April   2,  1870 

410  Reid,  Fraxcis,  13,  Railway  Arches.  Westgate  Road,  New- 

castle-upon-Tyne                    April  9,  1892 

411  Reid,  P.  S.,  20,  John  Street,  Adelphi,  London           Dec.  10,1892 

412  Rhodes,  C.  E.,  Carr  House,  Rotherham         Aug.  4,1883 

413  Rich,  William,  Minas  de  Rio  Tinto,  Provincia  de  Huelva,  A.M.  June  9,  1888 

Spain M.  Aug.  3,  1889 

414  RiCHARDSOX,    H.,    Backworth    Colliery,     Newcastle-upon- 

Tyne     

415  RiCHARDSOX,  Ralph,  Whitburn  Colliery,  South  Shields 

416  Ridley,  G.,  16,  Dean  Street,  Newcastle-upon-Tyne... 

t  Dead. 


Mar. 

2, 

1865 

S.  June 

9, 

1883 

M.  Aug. 

1, 

1891 

S.  Feb. 

4, 

1865 

M.  Aug. 

1, 

1868 

LIST    OF   MEMBERS. 

417  RiDYARD,  J.,  Bridgevvater  Offices,  Walkden,  near  Bolton- 

le-Mooi'S,  Lancashire 

418  RiTSON,  U.  A.,  15,  Queen  Street,  Newcastle-upou  Tyne     ... 

419  Robertson-,  D.  A.  W.,  Metropolitan  Colliery,  Helensburgh, 

near  Sydney.  N.S.W.  ...         ...         ...         

420*RoBERTSOx,    J.    R.   M.,    Linton,    Mitson's  Point,  Sydney, 
N.S.W 

421  RoBERTSOX,  W.,  123,  St.  Vincent  Street,  Glasgow 

422  Robinson,  G.  C,  Brereton  and  Hayes  Colliery,  Rugeley, 

Staffordshire   ... 

423  Robinson,     John    Thomas,    Beechburn    Colliery,    Crook, 

R.S.O.,  Co.  Durham  

424  Robinson,  R.,  Howlish  Hall,  near  Bishop  Auckland  (Mem- 

ber of  Council) 

425  Robson,  J.  S. ,  Butterknowle  Colliery,  via  Darlington 
42()  RoBSON,    T.    0.,    Chowdene   Cottage,    Low  Fell    (Member 

of  Council) 

427  Rochester,  William,  River  View,  Blaydon-upon-Tyne    ... 

428  RoGERsoN,  John,  Crox dale  Hall,  Durham      ..  

429  RoNALDSON,  J.   H.,  Mount  Kembla  Colliery,   WoUongong, 

N.S.W 

430  RosCAMP,  J.,  Shilbottle  Colliery,  Lesbury,  R.S.O.,  North- 

umberland 

431  Ross,  Hugh,  Croxdale  Colliery  Office,  Durham  

432  Ross,  J.  A.  G.,  Newcastle-upon-Tyne 

4.33  RossER,  W.,  Rhydyrhelig,  Sketty,  Swansea 

434  RoTHWELL,  R.  P.,    7,  Park  Place,  New  York,  U.S. 

435  RouTLEDGE,  Jos.,  Greeubauk,  Chestcr-le-Street 

436  RouTLEDGE,  W.  H.,  The  Rhyd,  Tredegar,  Mon.,  Wales    ... 


437  Rowan,  James,  Inspector  of  Collieries,  WoUongong,  N.S.W. 
4S8  Russell,  Robert,  Coltness  Iron  Works,  Newmains,  N.B. .  . 

439  Rutherford,  W.,  South  Derwent  Colliery,  Annheld  Plain, 

Lintz  Green 

440  Ryder,   W.   J.   H.,   Messrs.  Mills  and  Sons,  CoUingwood 

Street,  Newcastle-upon-Tyne 

441*Saise,  Walter,  Manager,  E.I.R.  Collieries,  Giridi,  Bengal,  A.M. 

India    ...         ...         ...         ...         ...         •■•         

442  Samborne,  John  Stukely  Palmer,  Timsbury  House,  Bath 
443.  Sawyer,  A.  R.,  late  H.M.  Inspector  of  Mines,  c/o  Messrs. 

Thompson,  Watson,  and  Co.,  Cape  Town  

Transactions  to  40,  Brompton  Square,  London,  S.  W. ... 

444  ScARTH,  W.  T.,  Raby  Castle,  Staindrop,  Darlington 

445  ScoTT,  Andrew,  Broomhill  Colliery,  Acklington      

446  Scott,  C.  F.,  Grove  Cottage,  Leadgate,  Co.  Durham 


447  Scott,  Erne.st,  Close  Works,  Newcastle-upon-Tyne 

448  Scott,  Joseph  S.,  Trimdon  Hall,  Trinidon  Grange,  R.S.O.. 
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Date  of  Election 
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Isov. 

7,  1874 

Oct. 

7,  1871 

Aug. 

6,  1892 

Aug. 

2,  1890 

Mar. 

5,  1870 

Nov. 

5,  1870 

Feb. 

13,  1892 

Feb. 

1,  1868 

May 

15,  1862 

s. 

.  Sept. 

11,  1875 

A.M 

■  Aug. 

2,  1884 

M, 

.  June 

8,  1889 

Dec. 

13,  1891 

Mar. 

6,  1869 

Aug. 

6,  1892 

Feb. 

2,  1867 

Aug. 

6,  1892 

July 

2,  1872 

Aug. 

6,  1857 

Mar. 

5,  1870 

Sept. 

11,  1875 

S. 

,  Oct. 

7,  1876 

A.M. 

Aug. 

1,  1885 

M. 

June 

8,  1889 

Aug. 

6, 1892 

Aug. 

3,  1878 

Oct. 

3,  1874 

Nov. 

4,  1876 

A.M. 

Nov. 

3,  1877 

M. 

Aug. 

3,  1889 

Aug. 

1,  1891 

S. 

Dec. 

6,  1873 

A.M. 

Aug. 

2,  1879 

M. 

June 

8,  1889 

April 

4,  1868 

Dec. 

7,  1867 

S. 

April  11,  1874 

M. 

Aug. 

4,  1877 

April 

9,  1892 

S. 

Nov. 

19,  1881 

M. 

April 

9,  1892 
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449  ScouLAR,  G. ,  Cleator  Moor,  rzo.  Carnforth      July     2,1872 

450  Selby,  Athertox,  Leigh,  near  jManchester    ...         ...         ...  Oct.    13,  1883 

451  Selkirk,  John  Gun  SEX,  Dalton-in-Furness April    8,1893 

452  Seymour,  L.  iR^axG,  De  Beers  Consolidated  Mines,  Ld., 

Kimberley,  South  Africa Feb.    14,  1891 

453  Shaw,  J.  Leslie,  Somerset  House,  Whitehaven        Oct.      8,1892 

454  Shaw,  W.,  Welliugton  Cast  Steel  Foundry,  Middlesbrough  June    3,  1871 

455  Shiel,  John,  Framwellgate  Colliery,  Co.  Durham May     6,1871 

456  Shipley,  T.,  Castle  Eden  Colliery,  Castle  Eden  Station     ...  A.M.  Aug.    2,  1884 

M.  Aug.    3,  1889 

457  Shone,  Isaac,  Great  George  Street  Chambers,  Parliament 

Square,  London,  S.  W Feb.     3,1859 

458  Shore,  Wm.  Martin,  Kaitangata  Railway  and  Coal  Co. 's  A.M.  April  13,  1889 

Collieries,  Otago,  New  Zealand      M.Aug.     3,1889 

459  Shute,  C.  a.,  Portland  House,  Eastbourne,  Darlington      ...  April  11,  1874 

460  Simpson,  C.  L.  ,  Engine  Works,  Grosvenor  Road,  Pinilico, 

London April    8.  1893 

461  Simpson,  F.  L.  G.,  Mohpani  Coal  Mines,  Gadawarra,  C.P.,  A.M.  Dec.   13,  1884 

India    ... 

462  Simpson,  F.  R.,  Pelsall  Colliery,  near  Walsall  

463  Simpson,  J.,  Heworth  Colliery,  Felling,  R.S.O.,  Co.  Durham 

464  Simpson,    J.    B.,    Hedgefield    House,    Blaydon-upon-Tyne 

(Past-President,  J/em6e/- o/ Ooamci/^ 

465  Simpson,  R.  ,  Moor  House,  Ryton-upon-Tyne 

466  Sllnn,  T.,  Plashetts  Colliery,  Falstone,  Northumberland  ... 

467  Smith,  Eustace,  Newcastle-upon-Tyne  

468*Smith,  R.  Clifford,  Ashford  Hall,  Bakewell  

469  Smith,  T.  E.  ,  Phoenix  Foundry,  Newgate  Street,  Newcastle- 

upon-Tyne 

470  Sopwith,  a.,  Cannock  Chase  Collieries,  near  Walsall 

471  Southern,  E.  O.,  Ashington  Colliery,  near  Morpeth 


472  Southern,  R.,  Burleigh  House,  The  Parade,  Tredegarville, 

Cardiff 

473  Southworth,  Thos.,  Hindley  Green  Collieries,  near  Wigan 

474  Sparkes,  J.,  Jun.,  Chester  Park,  Fishponds,  Bristol 

475  Spence,  R.  F.,  Backworth,  R.S.O. ,  Northumberland 


476  Spencer,  Francis  H.,  Robinson  Gold  Mining  Co.,   Wit- 

watersrand 

477  Spencer,  John,  Westgate  Road,  Newcastle-upon-Tyne 

478  Spencer,  John  W. ,  Newburn,  near  Newcastle-upon-Tyne... 

479  Spencer,  T.,  Ryton,  Newcastle-upon-Tyne    ... 

480  Stansfeld,  Harold  Sinclair,  Flockton  Manor,  Wakefield  A.M 

481  Steavenson,  a.  L.  ,  Durham  (President,  Member  of  Council ) 


M.  Aug. 

3,  1889 

S.  Aug. 

4,  1883 

M.  Aug. 

1,  1891 

S.  Dec. 

6,  1866 

M.  Aug. 

1,  1868 

Oct. 

4,  1860 

Aug. 

21,  1852 

July 

2,  1872 

A.M.  June  11,  1887 

M.  Aug. 

3,  1889 

Dec. 

5,  1874 

Dec. 

5,  1874 

Aug. 

6,  1863 

S.  Dec. 

5,  1874 

A.M.  Aug. 

1,  1885 

M.  June 

8,  1889 

Aug. 

3,  1865 

May 

2,  1874 

April 

9,  1892 

S.  Nov. 

2,  1878 

A.M.  Aug. 

2,  1884 

M.  Aug. 

4,  1889 

Dec. 

13,  1890 

Dec. 

4,  1869 

May 

4,  1878 

Dec. 

6,  1866 

A.M.  Oct. 

13,  1888 

M.  Aug. 

3,  1889 

Dec. 

6,  1855 
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482  Stephenson,  (i.   R.,  9,  Victoria   Chambers,  Westminster, 

London,  S.VV.  Oct. 

483  Stevens,  A.  J. ,  Uskside  Ironworks,  Newport,  Monmouthshire  April 

484  Stevens,  Jajies,  9,  Fenchurcli  Avenue,  Loudon,  E.G.         ...             Feb.  14, 

485  Stobart,  F.,  Biddick  Hall,  Fence  Houses       S.  Aug.  2 

A.M.  Aug.  5 

M.  June  8 

486  Stobart,  H   T.,  Wearmouth  Colliery,  Sunderland S.  Oct.  2 

A.M.  Aug.  4 

M.  Aug.  3 

487  Stobart,  W.,  Pepper  Arden,  Northallerton               July  12 

488  Stobart,  Wm.  Ryder,  Etherley  Lodge,  Darlington            ...             Oct.  11 

489  Stobbs,  Jno.  T.,  Walker  Colliery,  Walker-upon-Tyne       ...             Feb.  13 

490  Stoker,  Arthur  P. ,  Birtley,  near  Chester-le-Street           ...        S.Oct.  6 

A.M.  Aug.  1 

M.  Aug.  3 

491  Storey,  Thos.  E.,  Weston  Coyney,  Longton,  Staftbrdshire              Feb.  5 

492  Straker,  J.  H.,  Stagshaw  House,  Corbridge-upon-Tyne    ...             Oct.  3 

493  Stratton,   T.   H.    M.,    Cramlington   House,    Northumber-        S.  Dec.  3 

land  (Member  of  Council)   ...         ...         ...      M.  Aug. 

494  Streatfield,  Hugh  S.,  Ryhope  Colliery,  near  Sunderland  A.M.  June 

M.  Aug. 

495  Swallow,  J.,  Bushblades  House,  Lintz  Green,  Newcastle- 

upon-Tyne       ...         ...         ...         ...         ...         ...         ...             May  2 

496  SwAiiLOW,  R.  T. ,  Wai'dley  Hall,  Newcastle-upon-Tyne      ...             Feb.  5 

497  Swan,  H.  F. ,  Beaufront  Castle,  Hexham        Sept.  2 

498  Swan,  J.  G.,  Upsall  Hall,  near  Middlesbrough         Sept.  2 


499  Tate,    Simon,    Trimdon    Grange    Colliery,    Co.    Durham 

( Member  of  Council )  Sept.  11,  1875 

500  Taylor,  Hugh,  Ring  Street,  Quay,  Newcastle-upon-Tyne...             Sept.  5,  1856 

501  Taylor,  T. ,  Quay,  Newcastle  upon-Tyne       July  2,1872 

502  Taylor-Smith,  Thomas,  Broadwood  Park,  Lanchester      ...             Aug.  2,  1866 

503  Teasdale,  Thomas,  Middridge,  r?fi  Heighington,  R.S.O.  ...             April  9,  1892 

504  Telford,  W.  H.,  HedleyHope  Collieries,  Tow  Law,  R.S.O.,        S.  Oct.  3,  1874 

Co.  Durham A.M.Aug.  6,1881 

M.  June  8,  1889 

505  Thompson,  Charles  Lacy,  Farlam  Hall,  Milton,  Carlisle...  A.M.  Feb.   10,  1883 

M.  Aug.  3,  1889 

506  Thompson,  R.,Jun.,  19,  The  Crescent,  Gateshead-upon-Tyne             Sept.  7,  1867 

507  Thompson,    W.,   Ross  Buildings,  Charters  Towers,  North 

Queensland,  Australia          Aug.  4,  1888 

508  Thomson,  John,  Eston  Mines,  by  Middlesbrough April  7,  1877 

509  Thomson,  Jos.  F.,  Manvers  Main  Colliery,  Rotherham      ...             Feb.  6,  1875 

510  Tinker,  J.  J.,  Hyde,  Manchester        April  9,  1892 

511  Todd,  John  T.,  Bedford  Lodge,  Bishop  Auckland S.  Nov.  4,  1876 

A.M.  Aug.  1,  1885 

M.  June  8,  1889 

512  TouzEAU,  E.  M.,  Leadenhall  Buildings,  Leadenhall  Street, 

London.  E.C Aug.  6,1892 

513  Trelea.se,   W.    Henwood,   Chief  Agent   of  the   Pestareua 

United    G.    M.    Company,    Limited,   Festarena,   Vail 

Anzasca,  No  vara,  Italy        April  8,  1893 


1860 
1893 

1885 
1873 
1882 
1889 
1880 
1888 
1889 
1872 
1890 
1892 
1877 
1885 
1889 
1876 
1874 
1870 
1873 
1889 
1889 

1874 
1863 
1871 
1871 
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5  14*Tyers,  John  E.,NerbiTdda  Coal  and  Iron  Company,  Limited,  A.M.  Dec.   10,  1877 
Mohpani  Coal  Mines,  n'«  Gadawarra,  C.  Provinces,  India       M.Aug.     3,  1889 

515  Tyzack,  D.,  71,  Westgate  Road,  Newcastle-upon-Tyne      ...  Feb,   14,  1874 

516  Varty,    Thomas,    Skelton   Park   Mines,   Skelton,    R.S.O., 

Cleveland         Feb.    12,  1887 

517  Vaughax,   Cedric,   Hodbarrow  Iron  Ore   Mines,    Millora, 

Cumberland Dec.    10,  1892 

518  TiTAXOFF,  Geo.  N.,  Sophia,  Bulgaria  A.M.  April 22,  1882 

M.  Aug.    3,  1889 

519  Vivian,  John,  Vivian's  Boring  and  Exploration  Company, 

Limited,  42,  Lowther  Street,  Wliitehaven  Mar.    3,1877 

520  Waddle,  Hugh,  Llanmore   Iron   Works,   Llanelly,   South 

Wales  Dec.    13,  1890 

521  Wadham,  Fi.,  Millwood,  Dalton-in-Furness Dec.     7,  1867 

522  Wain,  Wm.  Bolt,  Podmore  Hall  Colliery,  Newcastle-under-  A.M.  Feb.    12,  1887 

Lyne M.  Aug.     3,  1889 

523  Wales,  H.  T.,  104,  St.  Mary  Street,  Cardiff Feb.   11,  1893 

524  Walker,  J.  S.,  Pagefield  Iron  Works,  Wigan,  Lancashire  Dec.     4,  1869 

525  Walker,  Sydney  Ferris,  196,  Severn  Road,  Canton,  Cardiff  Dec.     9,  1882 

526  Walker,  W.,  Hawthorns,  Saltburn-by-the-Sea        Mar.    5,  1870 

527  Walker,  Wm.,  Jun.,  H.M.  Inspector  of  Mines,  Durham  ...  Aug.    3,  1889 

528  Walker,  William  Edward,  Lowther  Street,  Whitehaven  Nov.  19,  1881 

529  Wallace,  Henry,  Trench  Hall,  Gateshead-upon-Tyne      ...  Nov.    2,  1872 

530  Waixau,  Jacob,  Messrs.  Black,  Ha%vthorn,  and  Co.,  Gates-  A.M.  Dec.   10,  1887 

head-upon-Tyne         M.  Aug.    3,  1889 

531  Walton,  J.  Coulthard,  Writhlington  Colliery,  Radstock,        S.  Nov.    7,  1874 

?mBath  A.M.Aug.  6,1881 

M.  June  8,  1889 

532  Ward,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford        ...             Mar.  6,  1862 
533*Ward,  T.  H.,  Manager  Burma  Coal  Company,  Letkobin,  A.M.  Aug.  5,  1882 

Ihingadaw  Circle,  Shwebo,  Upper  Burma,  East  Indies...      M.Aug.     3,  1889 

534  Watkyn-Thomas,  W.,  Mineral  Office,  Cockerraouth  Castle  A.M.  Feb.    10,  1883 

M.  Aug.    3,  1889 

535  Watson,  Thomas,  Trimdon  Colliery,  Trimdon  Grange       ...  Oct.    11,1890 

536  Webster,  H.  Ingham,  Morton  House,  Fence  Houses         ...  A.M.  ApriH4,  1883 

M.  Aug.    3,  1889 

537  Weeks,  J.  G.,  Bedlington,  R.S.O.,  Northumberland  ...  Feb.     4,  1865 

538  Weeks,    R.    L.,    Willington,    Co.    Durham    (Member    o/A.M.  June  10,  1882 

Council)  M.  Aug.    3,  1889 

539  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-upon-Tyne        S.  Nov.    4,  1876 

A.M.  Aug.     1,  1885 
M.  Aug.    3,  1889 

540  White,  H.,  Walker  Colliery,  Newcastle-upon-Tyne  ...        S.  Mar.    2,  1867 

M.  Aug.    5,  1871 

541  White,  J.  F.,  Wakefield  S.July     2,1872 

M.  Aug.    2,  1873 

542  White,  J.  W.  H,  Woodlesford,  near  Leeds  Sept.    2,  1876 

543  Whitehead,  Jas.,  Brindlc  Lodge,  near  Preston,  Lancashire  Dec.     4,  1875 
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544  Whitelaw,  John,  118,  George  Street,  Edinburgh Feb.     5,  1870 

545  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry  ...  Dec.     5,  1874 

546  WiDDAS,  C,  North  Bitchburn  Colliery,  Howclen,  Uarliugton  Dec.     5,1868 

547  Wight,  Edwd.  S.,  Hetton  Colliery,  Carrington,  near  New-  A.M.  Dec.   12,  1885 

castle,  N.S.W M.Aug.    3,1889 

548  Wight,  W.  H. ,  Co wpen  Colliery,  Blyth         Feb.     3,1877 

549  Williams,   Ersest,   P.O.   Box  965,  Bittelheim  Buildings, 

Simnionds  Street,  Johannesburg,  Z.  A.  R.  Oct.    10,1891 

550  Wilson,  J.  B.,  Wingfiekl  Iron  Works  and  Colliery,  Alfreton  Nov.    5,  1852 

551  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street      S.  Sept.  11,  1875 

A.M.  Aug.    1,  1885 
M.  June    8,  1889 

552  Wilson,  John  Robinson,  H.M.  Inspector  of  Mines,  Leeds  A.M.  June    9,  1883 

M   Aug.    3,  1889 

553  Wilson,  Robert,  Flimby  Colliery,  Maryport  Aug.    1,  1874 

554  Wilson,  W.  B.,  Thornley   Colliery,  by  Trimdon  Grange, 

Co.  Durham Feb.     6,  1869 

555  Winstanley,  Robt.,  28,  Deansgate,  Manchester      Sept.    7,  1878 

556  Winter,  T.  B.,  Grey  Street,  Newcastle-upon-Tyne Oct.      7,  1871 

557  Wood,  C.  L.,  Freeland,  Forgandenny,  Perthshire Aug.     :i,  1854 

558  Wood,  Ernest  Seymour,  South  Hetton,  Sunderland        ...  Oct.    10,  1891 

559  Wood,  Lindsay,  The  Hermitage,  Chester-le-Street  (Past- 

President,  J/e??i6e>- o/ Co  (ma7^     Oct.     1,1857 

560  Wood,  Thomas,  Rainton  House,  Fence  Houses         S.  Sept.    3,  1870 

M.  Aug.    5,  1871 

561  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  Co.  Durham Aug.    6,  1857 

562  Wood,    W.    0.,    South    Hetton,    Sunderland    (Member   of 

Council)  .  Nov.    7,  1863 

563  WoRMALD,  C.  F.,  Mayfield  Villa,  Saltwell,  Gateshead-upon-  A.M.  Dec.     8,  1883 

Tyne M.Aug.    3,1889 

564  Wrightson,  T.,  M.P.,  Stockton-upon-Tees Sept.  13,  1873 


565  Young,  John  A.,  7,  Tyne  Vale  Terrace,  Gateshead-upon-  A.M.  Dec.   10 
Tyne M.  Aug.    3 


1887 
1889 


ASSOCIATE  MEMBERS. 

Marked  "  have  paid  life  composition. 

Date  of  Election. 

1  Allhusen,  Alfred,  Musgrave  House,  Gateshead-upon-Tyne      ...  Dec.  10,  1892 

2  Armstrong,  J.  H.,  St.  Nicholas' Chambers,  Newcastle-upon-Tyne  Aug.  1,  1885 

3  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newcastle-upon-Tyne    ...   Feb.  10,  1883 

4  Atkinson,  G.   B.  ,  Maritime  Buildings,  Quay,  Newcastle-upon- 

Tyne  Nov.     5,  1892 

5  AUDUS,   T.,  Mineral  Traffic  Manager,  North  Eastern  Railway, 

Newcastle-upon-Tyne        Aug.     7,  1880 

6  Bell,  B.  T.  A.,  Secretary  of  the  General  Mining  Association  of  the 

Province  of  Quebec,  Ottawa,  Canada     Aug.     6,1892 
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7*Bell,  Thos.  Hugh,  Middlesbrough-upon-Tees        Dec.      9,  1882 

8  BiGGE,  Edward  Ellison,  General  Mining  Association,  Blomfield 

House,  London  Wall,  London,  E.C Aug.      1,1891 

9  Blexkiron,    J.    Ernest,   West   House,   Arkengarthdale,  Rich- 

mond, Yorkshire Feb.    11,  1893 

10  BCRDON,  A.  E. ,  Hartford  House,  Cramlington,  Northumberland  Feb.     10,  1883 

11  Capell,  Rev.  G.  M.,  Passenham  Rectory,  Stony  Stratford         ...  Oct.      8,  1892 
12*Carr,    William  Cochran,   Benwell   Colliery,   Xewcastle-upon- 

Tyne Oct.  11,  1890 

13  Cochrane,  Henry  Heath,  Eshwood  Hall,  Durham        Oct.  10,  1891 

14  Cochrane,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses    ...  June  1,  1878 

15  CocKBURN,  W.  C,  1,  St.  Nicholas'  Buildings,  Xewcastle-upon- 

Tyne Oct.       8,  1887 

16  Cooper,  R.  W.,  Newcastle-upon-Tyne         Sept.     4,  1880 

17  Cornett,  J.  P.,  Ford  Paper  Works,  Hylton,  Sunderland  ...  Nov.     5,  1892 

18  DoDDS,  A.  P.,  13,  Dean  Street,  Newcastle-upon-Tyne      Nov.      5,  1892 

19  Edwards,  F.  H.,  Forth  House,  Bewick  Street,  Newcastle-upon- 

Xyne Jiiiie  11,  1887 

20  Fletcher,  William,  Brigham  Hill,  i7'a  Carlisle Oct.     13,1883 

21  Foster,  T.  J.,  Coal  Exchange,  Scranton,  Pennsylvania,  U.S.     ...  Dec.    12,  1891 

22  Guthrie,  Reginald,  Neville  Hall,  Newcastle-upon-Tyne  (Trea- 

surer)   Aug.     4,  1888 

23  Hedley,  E.,  Rainham  Lodge,  The  Avenue,  Beckenham,  Kent  ...  Dec.      2,  1858 

24  Hedley,  J.  Hunt,  John  Street,  Simderland  June  13,  1891 

25  Hedley,  I.  F.,  Jun.,  Sunderland      April  23,  1887 

26  Henderson,  C.  W.  C,  The  Riding,  Hexham         Dec.      9,  1882 

27  Henzell,  RoBT.,  Close,  Newcastle-upon-Tyne        April  11,  1891 

28  Hooper,  Edward,  c/o  J.  H.  Hooper,  College  Precincts,  Worcester  June    4,  1881 

29  Hopper,  J.  L,  Tyne  Dock,  South  Shields ...  Dec.      8,  1888 

30  Humphreys-Da\t^es,   G.,   8,    Laurence   Pountney   Hill,    Cannon 

Street,  London,  E.C Oct.      8,1892 

31  Irvine,  Joseph,  R.,  Hendon  Ropery,  Sunderland Dec.  10,    1887 

32*JoiCEY,  James  John,  Simningdale  Park,  Berks Oct.    10,  1891 

33  Palmer,  C.  B.,  Usworth  Colliery,  Washington,  R.  SO.     ...         ...Nov.  5,1892 

34  Patterson,  Wm.,  Front  Street,  Tynemouth  ...  ...  Aug.  6,  1892 

35*Pease,  Arthur,  Darlington Dec.  9,  1882 

36  Perkins,  Charles,  Gallowhill  Hall,  Newcastle-upon-Tyne         ...  Aug.  6,  1892 

37*Proctor,  John  H.,  29,  Side,  Newcastle-upon-Tyne  ..  ...  June  8,  1889 

38  RiCHTER,  F.,  Osborne  ViUas,  Newcastle-upon-Tyne         Oct.     10,  1891 

39  Ridley.  J.  Cartmell,  3,  Sumn.erhill  Grove.  NeMcastle-upon-Tyne  Feb.     11,  1893 

40  Ridley,  Sir  Matthew  W.,  Bart.,  M. P.,  Blagdon,  Northumberland  Feb.    10,  1883 
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41  ScuRFiELD,  George  J.,  Hurworth-upon-Tees,  Darlington  ...  Dec.      9,  1882 

42  Shaw,   Saville,   Durham  College  of  Science,  Newcastle-upon- 

Tyne  April  13,  1889 

43  Snowball,     Francis    John,     Seaton     Burn     House,    Dudley, 

Northumberland     Dec.    12,  1891 

44  Todd,  James,  Elvet  Bridge,  Durham Aug.      6,1892 

45  ToPLEY,  William,  28,  Jermyu  Street,  London,  S.W Oct.       8,  1889 

46  Walton,  James,  23,  Queen  Street,  Newcastle-upon-Tyne Aug.      6,1892 

47  Wilson,  Arthur  P. ,  Mansion  House  Chambers,  Queen  Victoria 

Street,  London,  E.C Aug.     3,  1889 


ASSOCIATES. 

1  Archer,  William,  Victoria  Garesfield,  Lintz  Green 

2  Barrass,  M.,  Tudhoe  Colliery,  Spennymoor  ... 

3  Bates,  Sidney,  The  Grange,  Prudhoe-upon-Tyne     

4  Bell,  John,  Wardley  Colliery,  Newcastle-upon-Tyne 

5  Berry,  Thomas,  Bagnall's  Houses,  Swalwell,  R.S.O. 

6  BoLAM,  Philip,  North  Walbottle  Colliery,  Newcastle-upon- 

Tyne     

7  Bowes,  Thomas,  Pontop  Colliery,  Lintz  Green  Station 

8  BuGLASS,  J.,  Stobswood,  via  Acklington,  Nortlmmberland... 


Date  of  Election 
aud  of  Transfer. 

Aug.     6,  1892 


S.  Feb. 
A.  Aug. 

Feb. 

Feb. 

Nov. 


9,  1884 
1,  1891 
8,  1890 
8,  1890 
5, 1892 


Dec.  12,  1891 
Feb.  13,  1892 
Dec.    10,  1892 


9  Carr,  Robert,  Usworth  Colliery,  Washington,  R.S.O.        ...  Nov.     5,  1892 

10  Chandley,  Ch.vrles,  Aberdare,  South  Wales           S.  Nov.    6,  1880 

A.  Aug.    3,  1889 

11  Clark,  Thomas,  Dipton  Colliery,  Lintz  Green  Station        ...  Oct.    11,  1890 

12  Dr-\per,  William,  New  Seaham  Colliery,  Sunderland       ...  Dec.   14,  1889 

13  Fawcett,  Edward,  Walker  Colliery,  Walker-upon-Tyne  ..,  June  11,  1892 

14  Foster,    John    William,    24,    Silksvvorth   Terrace,    New 

Silksworth,  Sunderland        Dec.   14,  1889 

15  Fryar,  John  William,  Seghill  Colliery,  Seghill,  Northum- 

berland               June  14,  1890 

16  Griffiths,  Ed.,  Biymbo  Colliery,  near  Wrexham,  North 

Wales June  13,  1891 

17  Guy,  John  George          Aug.     3,1889 

18  Hall,  John  Charles,  Pegswood  Colliery,  near  Morpeth   ...  Dec.   14,1889 

19  Hepburn,  Thomas,  Langley  Park,  Durham Feb.     8,1890 

20  Hodgson,  E.,  Black  Boy  Colliery,  Bishop  Auckland            ...  Aug.     6,  1892 

21  H  owes,  Frank  T.  ,  The  Poplars,  Kiugswood  Hill,  near  Bristol  Dec.    10,  1892 

22  Hunter,   Christopher,    Broomhill    Colliery,    Acklington, 

Northumberland        Dec.    10,  1892 

C 
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23  JoHXSON,  William,  Framwellgate  Moor,  Durham 

24  MacKixlay,   Edward,   East  Stanley  Colliery,   Chester-le- 

Street   ... 

25  Mackintosh,  Thos.,  Waterloo,  Blyth  

26  Mason,  Bexj.,  Burnopfield,  R.S.O.,  Durham  

27  Mixto,  George  WnxiAM,  Heworth  Colliery,  Heworth-upon- 

Tyne     

28  Noble,  Thomas  George,  Sacristou  Colliery,  Durham 

29  Parkixsox,  W.  ,  6,  I\'y  Terrace,  South  Moor,  Chester-le-Street 

30  Peacock,  Thomas,  Shelton  Collieries,  Brook  Street,  Hanley 

31  Pedelty,  Simox,  Clara  Vale,  Ryton-upon-Tyne        

32  Ramsay.  J.  G.,  Page  Bank  Colliery,  Willington,  Durham  ... 

33  RiCHARDSOX,  Robert,  Blayclon  Main  Colliery,  Blaydon-upon- 

Tyne 

34  Ridley,  Geo.  D.,  Tudhoe  Colliery,  Spennymoor       

35  Roxtree,  Thomas,  Harton  Colliery,  South  Shields 

36  Scott,  E.  Charlton,  Rainton  Colliery,  Fence  Houses 

37  Scott,  Wm.,  Thornhill  Collieries,  near  Dewsbury     

38  Severs,  Wiij^iam,  Beamish  View,  via  Chester-le-Street 

39  Shaw,  Johx,  Cramlmgton  Collieiy,  Northumberland 

40  SorTHERX,  John,  Heworth  Colliery,  Newcastle-upon-Tyne 

41  Spry,  Johx,  Murton  Colliery,  Durham... 

42  Steavexsox,  C.  H.,  Brottou  Mines,  Brotton,  R.S.O.,  York- 

shire 

43  Stephexson,  William,  Garesfield  Colliery,  Lintz  Green    ... 

44  Thompsox,  Joseph,  38,  Church  Street,  Murton  Colliery 

45  Walton,  Matthew,  Dearham  Colliery,  Carlisle 

46  Watsox,    Johx,    19,   Bloomfield   Terrace,   Gateshead-upon- 

Tyue 

47  WiLsox,  R.  G.,  Pelton  Colliery,  Chester-le-Street    


Date  of  Election 
and  of  Transfer. 

Aug.     6,  1892 

June  11,  1892 

April 
April 

11,  1891 
11,  1891 

Oct. 

10,  1891 

Feb. 

13,  1892 

June  13,  1891 

April 
Dec. 

9,  1892 
10.  1892 

Dec. 

10,  1892 

Feb. 

8,  1890 

Feb. 

8,  1890 

Aug. 

2,  1890 

Oct. 

8,  1892 

S.  Mar. 

4,  1876 

A.  Aug. 

6,  1892 

Nov. 

5,  1892 

April 
Dec. 

11,  1891 
14,  1889 

Feb. 

11.  1893 

S.  Apri; 

A.  Aug. 

Dec. 

14,  1883 

1,  1891 

13,  1890 

April 

8,  1893 

Dec. 

14,  1889 

Dec. 

12,  1891 

Aug. 

6,  1892 

STUDENTS. 

Date  of  Election. 

1  AxDREWs,  Geo.   Murray,  Broomhill  Colliery,  Northumberland  Oct.  11,  1890 

2  Bell,  Walter,  23,  Windsor  Terrace,  Newcastle-upon-Tyne      ...  Oct.  8,  1889 

3  Bitzos,  N.  J.,  c/o  A.  G.  Sonrlas,  Balouk-Bazaar,  Constantinople  Feb.  14,  1891 

4  Browx,  Robert  0.,Elswick  Collieries,  Newcastle-upon-Tyne      ..    Oct.  8,1892 

5  Brown,  Westgarth  F.,  Alston  House,  Cardiff      Aug.  6,1887 

6  Burn,     Frank,     H.,     West    CliflF,    Elmfield    Road,    Gosforth, 

Newcastle-upon-Tyne        Feb.  9,  1889 


7  Cochrane,  Napier,  Aldin  Grange,  Durham 


...  Dec.      8,  1888 
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Date  of  Election. 

8  Douglas,  David Aug.     1,  1891 

9  FoRSTEK,  George  W.,  Newburn-iipou-Tyne  Oct.      8,1887 

10  Hall,  Fred.  VV.,  Haswell  Lodge,  Sunderland       ...         June     8,1889 

11  Kellett,  Matthew  H.,  5,  Elm  Street,  South  Moor,  Chester-le- 

Street  April  11,  1891 

12  King,  Fred.  Cramlington  Colliery,  R.S.O.,  Northumberland      ...  Oct.       8,1892 

13  KiRKUP,  Austin,  Murton  Colliery,  Sunderland      Aj)ril    9,  1892 

14  KiRKUP,  Fred.  0.,  Hutton  Henry  Colliery,  Co.  Durham  ...  April    9,  1892 

15  Mascall.  W.    H.,  c/o  Mrs.    Race.  South  Church,  near   Bishop 

Auckland      Nov.      5,  1892 

16  Mordy,  Wm.,  Shelton  Iron,  Steel,  and  Coal  Co.,  Limited,  Stoke- 

on-Trent        April  11,  1891 

17  Nicholson,  A.  D. ,  Elemore  Colliery,  Fence  Houses,  Co.  Durham  June  13,  1885 

18  Patterson,  Thomas,  Craghead,  Chester-le-Street April  13,  1889 

19  Potter,  E.  A.,  Cramlington,  Northumberland       ...  Feb.      6,  1875 

20  Pringle,  Hy.  Geo.  ,  Tantield  Lea  Colliery,  Lintz  Green  Station, 

Newcastle-upon-Tyne        Dec.      4,  1880 

21  Ridley,     Wm.,     South     Tanfield     Colliery,     Stanley,     R.S.O., 

Newcastle-upon-Tyne        Dec.      9,  1882 

22  RiTSON,  Jno.  Ridley,  Jesmond  Gardens,  Newcastle-upon-Tyne...  April  11,  1891 

23  RoBSOX,  William,  Walker  Colliery,  Walker- upon-Tyne June    11,  1892 

24  Simpson,  Nelson  Ashbridge,  Hedgefield  House,  Blaydon-upon- 

Tyne Aug.     1,  1891 

25  Stanton,  Philip,  Throckley  Colliery,  near  Newcastle-upon-Tyne  Dec.      8,  1888 

26  Sykes,  Frank  K.,  Spriugwell  Villa,  Bishop  Auckland    Feb.    13,  1886 

27  Wall.  George.  South  Church,  Bishop  Auckland Nov.  5.1892 

28  Watson,  Edward,  19,  Bloomfield  Terrace,  Gateshead-upon-Tyne  Feb.  13,  1892 

29  Weightman,  Percy  0. ,  Garforth  Collieries,  near  Leeds Oct.  9,1889 

30  Whitehead,  John  James,  Arden  Lea,  Heaton,  near  Bolton       ...  Dec.  12,  1891 

31  Willis,  Henry  Stevenson,  Sacriston,  Durham Feb.  13,1892 

32  Wood,  John,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co   Durham           ...  June  8,  1889 

33  Yeoman,  Thomas,  Willington  Colliery,  Co.  Durham        Feb.    14,  1885 

34  ZuMBULOGLON,   Geo.  Chrisostom,  No.   3,  Astardji  han,   Grand 

Bazaar,  Constantinople      Feb.    14,  1891 
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LIST   OF   MEMBERS. 


SUBSCRIBERS. 

1  Owners  of  Ashiugton  Colliery,  Newcastle-upon-Tyne. 

2  Birtley  Iron  Company  (3),  Birtley. 

3  Bridgewater  Trustees  (3),  c/o  Clifford  Smith,  Esq. ,  Bridgewater  Offices,  Walkden, 

Bolton-le-Moors,  Lancashire. 

4  Marquess  of  Bute,  c/o  Messrs.  J.  and  F.  Anderson,  48,  Castle  Sti'eet,  Edinburgh. 

5  Butterknowle  Colliery  Company,  Darlington. 

6  Cowpen  Coal  Company,  Limited  (2),  F,  King  Street,  Newcastle-upon-Tyne. 

7  Earl  of  Durham  (5),  Lambton  Offices,  Fence  Houses. 

8  Elswick  Coal  Company,  Limited,  Newcastle-upon-Tyne. 

9  Haswell  Coal  Company  (2),  HasweU  Colliery,  Haswell,  via  Sunderland. 

10  Hetton  Coal  Company  (5),  Fence  Houses. 

11  Hutton  Henry  Coal  Company,  Limited,  7,  Bondgate,  Darlington. 

12  Marquess  of  Londonderry  (5),  c/o  V.  W.  Corbett,  Esq.,  Londonderry  Offices, 

Seaham  Harbour. 

13  North  Brancepeth  Coal  Company,  Ltd.,  Crown  Street  Chambers,  Darlington, 

14  Owners  of  North  Hetton  Colliery  (3),  Fence  Houses. 

15  Ryhope  Coal  Company  (2),  Ryhope  Colliery,  near  Sunderland. 

16  Owners  of  Seghill  Colliery,  Seghill,  Northumberland. 

17  Owners  of  South  Hetton  and  Murton  Collieries  (2),  50,  John  Street,  Sunderland. 

18  Owners  of  Stella  Colliery,  Hedgefield,  Blaydon-upon-Tyne. 

19  Owners  of  Throckley  Colliery,  Newcastle-upon-Tyne. 

20  Owners  of  Victoria  Garesfield  Colliery,  c/o  George  Peile,  Esq.,  Shotley  Bridge, 

Co.  Durham. 

21  Owners  of  Wearmouth  Colliery  (2),  Sunderland. 

22  Westport  Coal  Company,  Limited  (2),  Manager,  Dunedin,  New  Zealand. 


ENUMERATION. 


Honorary  Members 

Members 

Associate  Members 
Associates 
Students 
Subscribers 


Total 


August  1, 1893 

25 

565 

47 

47 

34 

22 

740 

Members  are  desired  to  communicate  all  changes  of  address,  or  any  corrections  or 
omissions  in  the  list  of  names,  to  the  Secretary. 
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